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PREFACE TO TffE SECOND EDITION. 



The call for another edition of this work gives the opportunity 
of adding some new matter relating to road maintenanae, and 
also of modifying or omitting parts relating to management 
which have become obsolete in consequence of the general 
abolition of turnpike trusts, and of the transfer of the main 
roads to the County Councils by the Local Government Act of 
1888. The effect of this transfer is to afford scope for road 
maintenance on a larger scale than has hitherto been possible in 
England, and may be expected to have good results. 

T. a 

September 1891. 
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VI PREFACE TO THE FIRST EDITION. 

road maintenance depends. The want of this will probably 
become more apparent when, under the Highways and 
Locomotives (Amendment) Act of 1878, the incidence upon the 
county rate of one-half the cost of repairing the main roads 
leads to a supervision over the expenditure on them, and the 
mode of their maintenance, by the county authorities. 

The following manual is intended to treat of all matters 
which relate to the systematic maintenance of macadamised 
roads. The observations and conclusions of foreign engineers 
are freely used where experience has proved their applicability 
in this country, and infoimation from other sources not gene- 
rally accessible has been brought together in, it is hoped, a 
useful form. The results of enquiries of my own, upon points 
on which further information seemed desirable, are given, and 
some experience of the county management of roads enables 
me to offer suggestions as to the manner in which the control 
of the county authority over the expenditure on main roads 
may be exercised with advantage. 

T. C. 
January 1879. 
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PREFACE TO THE FIRST EDITION. 



The maintenance of roads is a subject upon which the pub- 
lished infonnation in this country ia remarkably scanty, 
McAdam and Parnell, while treating of the improvement of 
old roads, and the construction of new ones, passed over their 
maintenance with little notice, and those who have since had 
the charge of road maintenance on any considerable scale 
have left few records of their practice and experience, beyond 
what can be gathered from reports, and evidence before 

f Parliamentary Cominittees. 
Information relnting to those general principles which 
should guide the practical work of road maintenance must be 
sought for almost exclusively abroad, where the State manage- 
ment of roads has afforded facilities for investigation, and for 
generalising results, which have been wanting in this country. 
The engineers of the Fonts et Chauss^s have been foremost 
^B of this sort, and the results of their labours are 
for the most part as applicable in this country as in 

time, when opportunities of acquiring 

knowledge of systematic road maintenance have 

■■^ areas of management under persons of 

become fewer, there is need of a more 

^he principles upon which gotx' 
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CHAPTER I. 

PRELIMINARY, AND HISTORY. 

Road maintenance comprises the renewal of the materials worn 
out by the action of the trafi&c and the weather, the care of 
the surface and the drainage, and such casual repairs to the 
road and works connected with it as may be necessary. 
• The most obvious feature in road maintenance is the appli- 
cation of new materials, but the prevention of avoidable wear, 
by keeping the surface and the body of the road in good 
condition, is hardly less important; and the removal of the 
materials from the road after they are worn to detritus, the 
care of the surface, and attention to drainage, are essential 
parts of a good system of maintenance. 

It is plain that if by keeping roads in good order four horses 
are enabled to do the work of five, or three of four (by no 
means an unreasonable supposition),, the economy in horse 
labour and wear and tear of vehicles and harness must be 
considerable ; but economy in the actual cost of maintenance 
generally follows as well. Experience proves that a road with 
sufficient strength, good surface, and thorough' drainage, can 
be kept in first-rate order with a much smaller quantity of 
materials than an inferior, ill-kept road requires, and though a 
greater amount of manual labour may be necessary, a good 
road on the whole is generally more cheaply maintained than 
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quantities of broken stone or gravel, generally a foot or 
eighteen inches thick, at once upon it, and from the careless 
way in which it is done the road is as open as a sieve to receive 
the water, which is retained in the trench." * With respect 
to repairs, he says that there seemed to be " no other idea of 
mending a road than bringing a great quantity of material and 
shooting it on the ground." 

Telford, in his evidence before the Committee on Turn- 
pike Eoads and Highways, 1819, describes the shape or cross 
section of the surface as frequently hollow in the middle, the 
sides encumbered with banks of mud sometimes 6, 7, and 8 
feet high, preventing the water from reaching the side drains, 
and the gravel or other materials as being laid promis- 
cuously on the road with the clay or soil, with which they were 
mixed in their native state, and without sorting or breaking 
them. 

Eeference to the numerous Parliamentary Eeports of that 
time on the London and Holyhead road, and on the state of 
the turnpike roads and highways of the country generally, 
will show that there was no exaggeration in these descrip- 
tions. 

This state of things arose from general defects of manage- 
ment, and from the ignorance of those entrusted with the repairs 
of the roads, who were usually farmers, old servants, or broken- 
down tradesmen. Under TeKord and Mc Adam a regular system 
of management was established and carried out on the turnpike 
roads by properly qualified road surveyors. 

On the ordinary highways improvement was hindered by 
the system of statute duty, and by parish management under 
a person chosen yearly to serve the office of surveyor of high- , 
ways. Every one who kept a team of horses was liable to be 
called upon to do six days' team work, and those who did not 
keep horses paid money instead. The parish surveyor generally 
had no special knowledge of road repairing, and the team labour 
and other work were seldom weU applied. Statute duty was 
abolished, and highway rates were substituted by the General 

* ' Remarks on the Present System of Boad Making, &c.,' by John Loudon 
McAdam, 1820, p. 48. 
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Highway Act of 1835 (5 & 6 Wm; IV. c. 50), which also 
permitted the appointment of a paid surveyor, either for a 
single parish or for a highway district. Another step in 
advance was made by the establishment of highway districts 
throughout South Wales by the Act of 1851, and in some other 
parts of England and Wales under the Acts of 1862 and 
1864. 

The difference between Telford and McAdam on one point 
has been more dwelt upon than the similarity of their systems 
on many other points on which they differed so widely from the 
practice of their predecessors. Both insisted on the necessity 
for the thorough drainage of the seat of the road, a thing then 
utterly neglected, and both made use of materials broken to 
gauge to form a solid hard surface of uniform cross section, 
and of curvature just sufficient to throw the rain water off 
freely to the sides. The distinction usually drawn between 
the so-called Telford system and that of McAdam is in the 
foundation, or pavement of large stones upon which Telford 
generally, but not always, laid the broken stone or gravel, and 
which he thus describes : — * 

"This foundation is a regular close pavement of stones 
carefully set by hand, and varying in height from eight to six 
inches, to suit the curvature of the road. These stones are all 
set on edge, but with the flat one lowest, so that each shall 
rest perfectly firm. The interstices are then pinned with 
small stones ; and care is taken that no stone shall be broader 
than 4 or 5 inches, as the upper stratum does not bind upon 
them so well when they much exceed that breadth. The 
pavement thus constructed is quite firm and immovable, and 
forms a complete separation between the top stratum of broken 
stones and the retentive soil below." 

Sir H. Parnell,t after describing Telford's foundation, of 
which he was a strong advocate, adds that "this method of 
making roads with a foundation of pavement is described in 
French works on roads," and he quotes the description of an 
altogether similar foundation from the 'Encyclopedic de 

• * First Report on Holyhead Road,' May 1824. 
t * Treatise on Roads,' 1838, p. 137. 
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ring^nieur." It had, in fact, been in use since 1764, when 
Tresaguet set on edge the foundation stones which had before 
been laid flat after the Koman manner ; and it is interesting to 
compare with the description of Telford's pavement, Tresaguet's 
mode of constructing roads, as described by himself in 1764, 
and adopted generally in France in 1775. He says : — 

" The bottom of the foundation is to be made parallel to the 
surface of the road. The first bed on the foundation is to be 
placed on edge and not on the flat in the form of a rough pave- 
ment, and consolidated by beating with a large hammer, but it 
is unnecessary that the stones should be even one with another. 
The second bed is to be likewise arranged by hand, layer by 
layer, and beaten and broken coarsely with a large hammer, so 
that the stones may wedge together and no empty space may 
remain. The last bed, three inches in thickness, is to he 
broken td about the size of a walnut with a small hammer, on 
one side on a sort of anvil, and thrown upon the road with a 
shovel to form the curved surface. Great attention must be 
given to choose the hardest stone for the last bed, even if one is 
obliged to go to more distant quarries than those which furnish 
stone for the body of the road ; the solidity of the road depend- 
ing on this latter bed, one cannot be too scrupulous as to the 
quality of materials which are used for it." 

It was the complete separation of the road metalling from 
the subsoil by a firm and regular bottoming, rather than accom- 
plishing it by a pavement, that Telford insisted upon as neces- 
sary. He says : — " Particular attention should be paid either 
to find a naturally dry bottom for the roadway or to construct 
one; and avoid as much as possible suffering the workable 
materials coming into contact with clay. And this may always 
be accomplished by means of gravel, sand, vegetable soil, chalk, 
or bottoming stones, but this bottoming should be made per- 
fectly firm and regular, so as to receive the top workable metal 
of equal thickness." * Accordingly, where, as on parts of the 
road between London and Shrewsbury, no stone for a pavement 
could be got, a bottoming of gravel, or of layers of chalk and 
gravel, was formed, and thus, although he always advised a 

♦ • Report on Holyhead Road/ 1819, p. 132. 
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paved bottom when it could be laid, many pieces of road were 
made under Telford's direction without the paved bottom with 
which his name has been associated. 

Where the bottom is soft and wet, and the subsoil cannot 
be made diy by drainage, a bottoming of some sort is very 
desirable, and where stone can be easily got for a pitched 
foundation, it will often be found the most economical as well 
as the most convenient way of making a road if it is required 
to be of any considerable strength. The cost of a considerable 
quantity of metalling is saved, and 3 or 4 inches of broken 
stone laid on 6 inches of pitching consolidates much more 
quickly under ordinary trafl&c than the 9 or 10 inches of broken 
stone alone. The stone used for the pitched foundation may be 
of a quality unfit for road metalling or building. 

McAdam considered a bottoming of large stones useless, 
and even went so far as to condemn it as mischievous, on the 
ground that the large stones at the bottom caused motion of 
the materials,; and kept open passages for the water to the 
subsoil beneath. That motion does take place among large 
stones thrown down anyhow on to an undrained subsoil, as in 
the old roads with which McAdam had to deal, is undoubtedly 
true, but it is not the case with a carefully laid bottoming of 
stones on edge. 

It has also been asserted that the top metalling is crushed 
between the wheels above and the rough pavement below, but 
there are no grounds for such a belief if the body of broken 
stone is kept up to a sufficient thickness ; and on a soft subsoil, 
where a pitched bottoming is most useful, experience proves 
that even when the broken stone has been reduced by wear to 
li inch or 2 inches in thickness, there is no sign of such 
action. 

Dispensing with any bottoming, McAdam insisted that it 
was the native subsoil which carried the road and the traffic, 
and that, so long as it was preserved in a dry state, it would 
carry any weight without giving way, and that for this end 
it must be made dry by drainage, and kept dry by a covering 
impenetrable to rain. He contended that the thickness of the 
road should only be regulated by the quantity of material 
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necessary to form this impervious covering, and never with 
any reference to its own power of carrying weight ; and that if 
the water passed through a road, it would go to pieces whatever 
were its thickness.* 

McAdam's doctrines were condemned by the partisans of 
Telford's system as " contrary to the first principles of science/'f 
and it cannot be denied that many of his statements are marked 
by a good deal of exaggeration. He not only condemned a 
paved bottom as useless, and even mischievous, but he stated 
that roads upon a hard bottom wore away more quickly than 
those placed upon a soft soil, instancing a road laid on the 
naked surface of the soil over a yielding morass, where the 
water trembled in the side ditches, on which the wear was less 
than on the adjacent length on limestone rock, in the proportion 
of 5 to 7. He also said that he preferred a soft substratum to a 
hard one, provided it were " not such a bog as would not allow 
a man to walk over it."| 

It is quite contrary to other experience that materials 
should last longer on a soft bottom, and the small wear in the 
instance of the road over the morass may have been in spite 
of its soft foimdation, instead of because of it ; and it may have 
another explanation, as will be shown farther on. At any 
rate, the saving in wear of materials on a flexible road could 
only have been obtained at the expense of increased draft of 
vehicles. 

His assertion that the thickness of the road-coating should 
only be such as to form an impervious covering, without 
reference to its own power of carrying weight, requires modi- 
fication, as will be shown hereafter. No doubt a water-tight 
covering, as in limestone roads, is very desirable, but roads of a 
silicious nature may be very good, although they are always 
more or less permeable. There are other points upon which 
the best modern practice is at variance with McAdam's pre- 
cepts ; nevertheless, roads formed on the principle for which he 

* * Remarks on the Present System of Road Making, &c.,* by J. L. McAdam, 
1820, p. 40. 

t Pamell, * Treatise on Roads,' p. 78. 

X Evidence, Select Committee on Highways, 1819, p. 23. 
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contended, of laying broken stone directly on the natural soil, 
without an artificial foundation, form by very far the largest 
proportion of the roads of the present day, both in this country 
and abroad. To McAdam is due the credit of having been the 
first to direct public attention to the necessity of the proper 
breaking and preparation of road materials, and to the possi- 
bility of forming with them a compact road surface, nearly 
impenetrable to water, which can be laid so flat as to allow 
vehicles to pass freely over all parts of the road, and at the 
same time throw off the water. To him also, though it is 
generally left out of sight, is largely due the establishment of a 
regular system of road maintenance under properly qualified 
surveyors. 
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CHAPTER II. 

CONSTRUCTION OF ROADS. 

I}rai7iage. 

Whether a paved bottom be laid or not, it is a matter of the 
first importance that the seat or foundation of the road should 
be thoroughly drained. This is usually provided for sufficiently 
by ditches or drains on each side of the road sunk 2 or 3 
feet below the surface, and communicating with the natural 
watercourses of the country. In ordinary open level districts 
they are generally on the field side of the fences, and in making 
a new piece of road, especially where the width of land to be 
taken is limited, this is the best place for them. They are, 
however, very often found on the side next the road, and where 
there is plenty of width, and a footpath or waste ground lies 
between the metaUed surface of the road and the ditch, there 
are some advantages in having the ditch in that position. The 
hedge is farther from the road, and leaves it more open to the 
sun and wind, a matter of importance in promoting the drying 
of the surface,- and the ditch, being nearer, more effectually^ 
drains the foundation of the road, and is more easily reached 
by outlets from the side channels, and is more accessible to the 
road labourers. 

In cuttings, or where the road is below the level of the 
adjoining land, side drains must necessarily be on the road side 
of the fence, and they often have to be covered in. They may 
then be under the water-table or side channel, and should be 
cut 10 inches or 1 foot below the formation surface, and be filled 
in with rubble stone up to, and in connection with the road 
materials. On sidelong ground, where the road is benched into 
a hill-side, a deep covered drain of the same sort is often 
required to cut off the land water from the slope above, and 
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prevent it soaking up under the road. The surface water should 
be carefully excluded from these covered drains and be pro- 
vided for by catch water drains and surface channels. 

If side-ditches and drains are not enough to lay the founda- 
tion dry, cross drains, or mitre drains, must be cut as frequently 
as may be necessary. The latter are drains meeting in a V in 
the centre of the road, and running to the side ditches or 
drains in the direction in which the road falls. An inclination 
of about 1 in 100 is enough for these drains, which are usually 
cuts in the formation surface of the road about 6 inches deep 
and 12 inches wide at top, filled in with broken stone. They 
may be also drain pipes, or small box drains consisting of 
dry stone side walls with a flat bottom and cover stone. The 
latter have the advantage that they can be easily opened from 
above and cleared if they get stopped. Care should be taken 
to tap and lead away any springs which may rise under the 
road. 

If necessary, drains can be cut through adjoining land to 
carry off water from the side-ditches. The General Highway 
Act gives power to make and maintain drains or watercourses 
through lands adjoining or lying near a road for the purpose, 
making satisfaction to the owners or occupiers for damage they 
may sustain.* 

A road on a wet undrained bottom will always be trouble- 
some and expensive to maintain, and liable to serious damage 
by breaking up in wet weather or after frost. It will be 
economical in the long run to go to considerable expense in 
making the drainage of the subsoil as perfect as possible. 

Besides the drains required for the road itself, other cross 
drains and culverts are necessary to convey the surface water 
of the country from one side of the road to the other. These 
must be constructed where required, and to suit the particular 
circumstances of the case. There is an advantage in having 
culverts under a road sufl&ciently large for a man to pass 
through for examination and repairs; smaller ones may be 
either barrel culverts, earthenware pipes, or box drains. It is 
not advisable to give much inclination to culverts and drair 

♦ 5 & 6 Wm. IV. cap. 50, sect. 67. 
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sufficient fall to clear them of water is enough. The scour 
caused by the too rapid flow of water is destructive, and a drain 
with a steep inclination is more liable to obstruction than one 
with a moderate fall. 



Cross Section. 

It is essential for the proper and economical maintenance 
of a road that the rain should flow freely off the surface. 
Water standing in ruts or hollows is injurious in two ways ; it 
greatly increases the wear of the traffic, by which the hollow 
in which it lies is continually deepened and enlarged, and it 
soaks in and weakens the whole crust of the road and the sub- 
soil beneath. Such a cross section should therefore be given, 
and carefully maintained, as will throw the rain water off freely ^^ 
and a very moderate inclination from the centre to the sides o^ 
the road is found to be best for this purpose. On a road toc^ 
convex, or too high in the centre, there is a tendency for the^ 
traffic to follow in the same track along the middle of the road,— 
being the only part where the vehicles can run upright, and- 
hollow tracks are worn by the wheels and the horses' feet, 
which retain the water, so that such a road is not so dry, and 
wears more unevenly than one of a flatter section on which the 
traffic is more evenly distributed over the whole width. 

Eoads are often made too round in section, with a mistaken 
notion of keeping them dry, and also to allow for greater wear 
in the middle, but there is no danger of a road with little con- 
vexity wearing hollow in the centre, or retaining the water, if 
the surface is properly attended to. Fairness of surface facili- 
tates the flowing off of water far more than extreme convexity, 
and if the surface is neglected and allowed to wear into ruts, 
no amount of convexity that can be given to a road will clear it 
of water. * 

It is necessary to give a somewhat greater convexity to a 
new road than it is intended to have eventually ; the middle 
consolidates more by the traffic, and stones are scattered 
towards the sides, so that, however carefully it is raked and 
attended to, the road will become flatter as it consolidates. 
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The section adopted by Telford for the surface of his roads 

was a flat elliptical curve, differing very slightly from an arc of 

a circle by being more convex in the middle than at the sides. 

Walker recommended a cross section composed of two straight 

lines joined towards the middle of the road by a curve, and 

falling about 1 in 24 towards the sides. A common form is an 

elliptical curve flatter in the middle than at the sides, which is 

apt to be too flat in the middle of the road, though it forms 

good side channels. Either a flat ellipse like Telford's or an 

arc of a circle is perhaps on the whole preferable, but regularity 

of section and evenness of surface is of much more consequence 

than the slight differences between curves and straight lines. 

The fall from the centre to the sides need not generally be 

more tiian 6 inches on a road 30 feet wide, and should never 

exceed 9 inches ; for a road 18 or 20 feet wide, 3 or 4 inches is 

enough. On a perfectly level road a rather rounder, section is 

required than on a road with moderate gradients. On hills the 

fall towards the sides should be enough to lead the water off, 

^nd prevent its scouring the surface by running down the hill 

instead of to the side channels. It has been said that on an 

inclined road every wheel track becomes a channel for carrying 

-off the water much more effectually than can be done by a 

curvature in cross section, but this on hiUs becomes a source 

ot great damage to the road. In heavy rain the wheel tracks 

are quickly deepened into watercourses, which soon cut into and 

even through the metalled surface. 

"When the water-table or side channel has to carry a good 
deal of water, it may be made deeper by increasing the con- 
Vexiity of the surface for a breadth of 1 or 2 feet at the sides, 
80 that the water may not cover too much of the road. The 
cle€tiing out of the water-tables has a tendency to deepen them, 
and to give this increased convexity, and it may generally be 
oiaitted in making a new road if the channels are not pitched. 

The convexity required for the surface may be given either 

by diminishing the thickness of the road-coating towards the 

siies or by forming the seat or bed of the road with a fall 

ft^i^ the centre outwards. It was Telford's practice to make 

tli^ bed of the road level in cross section and to give the con- 
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I vexity by diminiahmg the thickness of the bottoming of pil 
I or gravel from the centre towards the sides of the ro; 
I sometimes by reducing both bottoming and metalliug 
ies. 

On some parts of the Holyhead road the pitched bottom 
I extends on a. level bed from side to side, diminishing in thick- 
ness from 7 inches in the centre to 3 inches at the sides of a 
30-foot road, thus forming a convex surface with 4 inches fall, 
> on which broken stone was laid 6 inches in thickness for a 
breadth of 18 feet in the middle, and thinning out from 6 inches 
to 4 inches in the 6 feet of width remaining on the aides of the 
I, with li inch of gravel over all, so that the finished road 
had a total convexity of 6 inches. Ou other parts of this road 
the pitched bottom was laid over only 18 feet of the middle of 
a 30-foot road, diminishing from 7 inches to 5 inches in thick- 
!ss, with a layer of broken metal fi inches thick over. 
On the portions of road made without any pitched bottom 
the convexity was given partly in tlie gravel bottoming, which 
Teas 7 inches deep iu the centre and 2 inchea at the sides of a 
30-foot road, and partly in the top metalling of broken flint and 
large gravel, which varied from 8 inches in depth in the middle 
to 4 inches at the sides, with 1^^ inch of binding gravel over 
all, thus giving 9 inches of convexity in the 30 leet width. 
Thus, on the Holyhead road, though the sides were made weaker 
than the middle, there was a width of 18 feet over which the 
full thickness of top metalling was carried, and the aides had 
considerable strength. 

On roads of ordinary width and ordinary strength it ia 
doubtful whether any good reason can be given for making the 
sides weaker than the middle, as is commonly done, and which 
must be the result if the convexity of surface be given by a 
greater depth of metalling in the middle of a level formation 
surface. The aides are always the first part of a road to suffer 
from timber hauhng or other heavy traffic, especially on It'll a , 
where the softer sides of the road are taken in preference by 
way of a drag in descending. 

In making a new road, it is usually better to form the bed 
r seat with such a fall towards the sides as will give the 
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desired form of surface with an uniform thickness of metalling 
over the whole width, or with only a slight extra thickness in 
the middle to allow for the greater consolidation on that part 
of the road. This is attended with the advantage that a dry 
formation surface is prepared for the reception of the road 
materials, whether bottoming or broken stone. 

In forming the seat of a road it is best to leave as much , 
of the original surface of the ground as possible undisturbed, 
making up inecLualitiea by filling in hollowa with material 
excavated from the aide ditches rather than by cutting away 
the soil. The vegetable soil should always be left on a clay sub- 
soil. After the proper form of cross section has been given, 
the surface should be rolled, if a roller is available for the ' 
purpose. 

On a clay subsoil, where small gravel or sand is at hand, a 
thickness of 2 or 3 inches may be laid on with advantage before 
the metal is spread, to cut off the body of the road from the clay 
below, Chalk has been used for the same purpose, but it is a. 
dangerous material unless the road is sufficiently thick to 
render blowing up in conseq^uence of frost reaching the chalk 
unlikly. 

An uniform width for the metalled surface should be set 
out, and a shouldering to confine the road materials should 
formed either in the solid or by sods backed up by earth. 
Numerous outlets must be left through the shouldering for 
surface drainage. 
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When a pitched bottoming is constructed, the stones must 
^"set with care by hand in a close pavement, with the broadest 
jes downwards and across the road. If the stones are laid 
;, there is a tendency to rock under the traffic, and even to 
teupon edge in soft ground, and the top metalling does not bind 
(on them so well. The upper edges should not exceed 4 inches 
i breadth to hold the top metalling well. AH inequalities on 
1 upper aide should be broken off with the hamii 
lall stones or stone chips should be firmly pinned and packed 'J 
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in the interstices with a light hammer, bo that every stone may 
be firmly fixed in place, aod a regular conTex surface be formed 
for the top metalling. Carting of materials over the paved 
bottom should not be permitted until it ia covered with a 
coating of broken stone, as the stones are thereby displaced. 
Three or 4 inches of the top metalling should be first put on, 
and carefully attended to by raking in the ruts while it is 
consolidating under the traffic, and the remainder of the thick- 
nesa should be added when the first layer has nearly consoli- 
dated. With ordinary traffic, 4 inches of broken stone over a 
pitched foundation will consolidate in about three months. 

A road with a pitched bottom must have at least 4 inc^ies 
tbicknesa of pitching, over which it is not desirable to have 
less than 4 inches of broken stone metalling. The pitching 
will often be made thicker, without any increase of cost, and it 
may be, aa in the Holyhead road, as much as 7 inches thldlE. 
Tlie broken stone metalling over a pitched bottom need never 
be thicker than in the Holyhead road, viz. 6 inches when 
consolidated. 

When a pitched foundation is laid in a level street, its 
upper surface must have a fall at the side channels towards 
the gullies, otherwise the metalling will be too thin near them 
when the proper form has been given to the surface. 



Concreie Foundations. 
A foundation of concrete -was introduced by Macneill, 
acting under Telford, on the Highgate Archway road in ^j 
It consisted of a bed of Eoman cement concrete, 6 inches 
the upper surface of which was indented across with 
channels to hold the metalling and to drain o£f any water 
might pass through it. The broken stone over the concrete waa 
6 inches thick, and the annual wear of the road is stated* to 
1 been half-an-inch, aU actual wear of the surface, imder 
T considerable traffic. Afterwards a bed of common lime 
6 inches thick, was used by I'enfold on the Brixton 
• Maoneill'a evidence, Comioittee on Steam CarriageB, 1831. 
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and Kennington roads. Tlie gravel or broken stone was laid ' 
on in two thicknesses, the lower 3 inches before the concrete j 
was set, by which a union between the metalling and the concrete. , 
was effected. The upper 3 inches were added when the lower | 
layer had been partly consolidated by the traffic. 

Lias lime concrete has more recently been naed for the same 
purpose under the macadamised Toadways of the Victoria and 
Chelsea Embankments. In each case the concrete foundation 
is 12 inches thick on a slightly convex formation surface, and 
extends from side to side of the road, and under the kerbs of , 
the footways. When the concrete was thoroughly set, 6 inches , 
of granite was laid over it in two coui'sea, each consolidated by | 
roUiug. 
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iK the roarl be made entirely of broken stone, a thickness of ' 
n 3 to 6 inches should be laid fii-st, choosing, if possible, diy 
ther for the operation. "When that has partly consolidated 
er the traffic, care being taken meanwhile to rake the ruts 
oon as they appear, other coats may be added until the full 
thickness is reached. The layera after the first will work in 1 
better if laid in wet weather. If the materials are laid on too ' 
thickly, there is very great wear and waste before they consoli- 
date ; but it ia necessary where tlie traffic is heavy, especially if 
the bottom be soft, to lay on a good thickness at first to prevent 
the wheels cutting through to the formation surface. 

In considering the thickness of metaUing to be given to a 1 
new road, due regard must be had to the diminution which will 
take place in consolidating, and also to the danger of the toad 
being cut up by the traffic, or weather, before it is thoroughly 
consolidated. It is consequently beat to give a new road a 
stronger coat than would be enough for an old road under the 
same conditions of traf&c and situation, and it is seldom advis- 
able, even on the best bottom, to make a new road less than 
6 inches thick. On a good well-drained bottom this will make 
an excellent road sufficient for a considerable coiuitry traffic. 
ilcAdam considered that 10 inches of well -consolidated material 
) enough to carry the heaviest traffic on any sub-stratum, i 
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and experience has proved this to Ite true with a well- 

and properly kept road, and even in the ntacadamised 

of London. It is seldom necessary to give more than 8 ot 

9 inches of thickness, and it is l>etter to add gradually by 

auceessive coats of metalling to a road made at firat rather too 

weak for very heavy traffic than to give tlie whole thickness at 

once. 

Breadth. 

The breadth of the metalled surface of the road should be 
enough to accommodate the traffic, and it will consequently 
be a matter to be determined by circumstances. It may be from 
12 or 15 feet in country roads to 30 or 50 feet in roads of 
importance near towns. A breadth of 15 feet between the sod 
borders admits of the easy passage of two vehicles, and it has 
been said that the breadth should be a multiple of that required 
for one vehicle, so as to allow of two, three, or more abreast 
Practically this is quite unnecessary ; more than two vebiclea 
are so seldom abreast that a few feet of extra width, withont 
any reference to the multiples of the space taken np by one 
vehicle, often gives great accommodation to the traffic. The 
breadth decided upon should be uniformly preserved, except 
where some local cause, such as a hiU, renders au extra breadth 
desirable, and it should be well defined on each side in straight 
lines or fair curves. Uniform breadth and well-defined side 
channels not only give a fi.niahed appearance to a road, but 
render it easier to keep in goml order, and diminish the coat of 
maintenance. 

Waier-tables or Side Channels. 

When the road occupies the whole width between banks or 
walls, the metalled surface abuts against them, and the water- 
table or side channel is formed by the sloping surface of the 
road meeting the bank or wall. There ia, however, usually 
space on each side of the metalled surface of the road occupied 
by footpaths or waste, and where this ia tlie case, a sod bordering 
: kerbing should always, when posaible, define the road and 
1 the water-table. A sod bordering is formed by laying 
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two aods, about 12 inches wide and 4 or 6 inches thick, one on 
the other, and backing them up behind with earth to form a 
footpath or a fiat mound for the reception of road scrapings and 
materials, and it can generally be formed for about Id. to l^d. 
per lineal yard. The wastes should be levelled and covered 
with turf -or sown with grass seed. 

Instead of a sod bordering, a kerbing may be used by the 
aide of the footpath when the situation justifies the increased 
expense, and the water-table m.ay be pitched, or a paved 
channel may be laid consisting of flat atones 9 or 10 inches 
wide abutting against the kerbstone, and slightly inclined' 
towards it. Too great an inclination tends to throw the wheels 
against the kerb. Local circumstances will of course influence 
the cost considerably. When a flat-bedded local stone is at hand, 
a rough kerb costs little, and a channel may often be cheaply 
formed of asphalte made of gas tar, gravel, and road scrapings. 

A limestone or sandstone kerb about 1 foot deep and 4 inches 
wide costs from 2s. 6d. to 3s. (id. per lineal yard, and a channel 
10 inches wide by 6 inches thick rather more. Granite kerbs 
12 inches wide and 9 inches deep, auitable for towns, cost 6s. Gd. 
to 7s. per lineal yard, and granite channel stones, 12 inches 
wide and 6 inches deep, about 4s. 6d. per lineal yard. A 
channel 12 inches wide formed of granite cubes, 4 inches by 7 
inches, costs about the same. 

In villages, or where the road is bordered with houses, it ia 
often impossible to form a water-table in either of these ways, 
as it would interfere with the passage of vehicles to the houses ; 
and a shallow gutter must be formed by a slope inclining 
towards the road and meeting the edge of the metalling in 
the line of the water-table. This may be pitched or channelled. 
At junctions and cross roads the side channels require 
careful arrangement and attention to the form of the surface, 
80 that the water from one road may not be thrown upon 
another. Cross drains are often required at such places to get 
rid of the surface water. 
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Outlets. 

There must be ample means for the water to i 
the aide channels, in which it sliould never be allowed ' 
along very far, or to atand and soak into the road. Num 
outlets to the ditches, so placed as to suit the confignratii 
the surface, muat be made. They may be open cuts thi 
the sod boi-dering and waste, but drain pipes or stone dra 
be required under footpaths ; and where the road is I 
vrith houses and becomes street-like in character, 
gratings and cesspits will be necessary. 

On hilla it is especially necessary to provide frequent 
outlets for the escape of water from the side channels, or it will 
break out over the road and do gi*eat damage in storms. 



Footpath. 
If a footpath is constructed, it may he 5 or 6 feet c 
more wide, and 9 inches or 1 foot above the water-tab] 
shoiild slope towards the road with an inclination of t 
I in 30, and it should be bordered with a sod edging alonf 
outer side as well as along the road side, if not close to a 
or waU. 

Fences. 

Fences as a rale do not belong to the road, and there 

obligation on the owners of adjoining lands to fence roaija. 
It is sometimes desirable for the safety of the puhhc to fence 
places on the road side which would otherwise be dangerous, 
such as the top of an embankment, or other steep slope, or ths 
edge of a river, stream, or ditch, A poat-and-rail fence would 
be the best for the road, as it does not screen it from the sun 
and wind, but its liability to decay is a disadvantage. On the 
whole the best fence is a bank and a Live hedge kept low, as 
it costs little to keep it in order. A bank or mound alone ia 
often sufficient. It may be made of scrapings from the road, 
"id wV or 2 feet 6 inches high, it answers all purposes 

16^ or even better than, a post-and-rail fence. 
ODJ for it, a moiuid of scrapings may be 




I accumulated between the posts of a post-and-rail fence, to take 

its place when it goes to pieces. WTiere stone is plentiful, 

walla of stone either laid dry or with mortar form a good 

I fence. They may be well and economically coped with 

^^Bfliich grow together and cannot be so easily displaced as stones. 

^^P Stone Depots. 

I When there is no room for atone heaps on the waste by the 

roadaide, receptacles for materials for repairs, called " stone 
depots " or " metal holders," should be provided. They may 
be walled receaaea in the bank or fence, or independent 
masonry structures. They are sometimes constructed to hold 

I a certftin number of cube yards of stone, but the advantage of 

I this is doubtful. Some trouble in measuring is saved to the 
surveyor, but when filled up, there is considerable difficulty in 

I ascertaining that the depot contains nothing besides properly 
broken stones. The depots shoidd be close enough together 
for the roadmen to wheel out the materials to the intervening 
of road. 



B Whenever it is possible, a new road should be finished with 
Jler. The metalling is by that means at once consolidated 
iher without the grinding and crushing caused by the dis- 
jement of the loose materials by the wheels of vehicles. 
Kiere is less wear and waste of materials, and the public ia 
also spared the labour of consolidating the road by the traffic, 
which can only be effected at great inconvenience and wear 
and tear of horses and vehicles. The advantages of rolling 
newly made roads were pointed out by the late Sir J. F, 
Burgoyne, in a paper written in 1842, in which the practice in 
France and Germany was described, and its extension to the 
roads in Ireland and this country was advocated. 

Horse rollers usually consist of a single cast-iron cylinder 
3 feet to 4 feet 6 inches or even more in diameter and 4 feet 
to 6 feet long, or of two or more narrower cylinders arranged 
side by side. The weight, when not loaded, may be 
3 tons, and by loading a box p^o^'ided for the purpose, ( 



: 
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filling the roller witi water, the weight can he increased, so 
that rolling can be comnieDced on freshly laid stoning with 
the roller light, and as the road consolidates and the draft 
becomes less, the load may be increased. 

Horse rollers have the disadvantage that, to obtain aufficiest 
weight, they must be rendered cumbersome and difficult to 
draw. Too light a roller only consolidates the materials after 
many passages, and then not so thoroughly as one of sufficient 
weight. It is desirable that the pressure should reach to a 
ton or a ton and a half per foot of width of roller, and for 
this a roller 4 feet wide must be loaded to 6 tons, and will 
require six horses to draw it. Turaing becomes awkward, and 
an arrangement for drawing in either direction is required, but 
even then so many horses are difficult to manage, and their 
feet tear up the loose materials if the draft is heavy. 

I'or these reasons, and because of the superiority and 
economy of the worli done, steam rollers have in a great d^ro6 
superseded those drawn by horses. A roller weighing 10 tona 
or 15 tons, and rolling a width of 6 feet or 7 feet, such as those 
of Aveling and Porter, gives IJ or 2^ tons pressure per foot of 
width, and compresses the stones far more rapidly than a horse 
roller. It can roll in either direction and turn easily, and is 
capable of thorov^hly consolidating 1000 to 2000 square yards 
of newly laid stones per day. 

When s. road is to be rolled, the metalling must be put on to 
its full thickness at once if it does not exceed 4 or 5 inches ; if 
thicker, it is better to roll two coats separately. When the 
materials have been carefidly formed to the proper cross section, 
any large stones on the surface should be broken. The roller, if 
one drawn by horses, is then to be passed over several times 
unloaded, and any hollows from unequal settlement must be 
filled in with materials. When the materials b^;in to 
set, the roller may be partly loaded, and finally the fully 
loaded roller must be used until it produces no movement 
among the stones. With a steam roller the weight ia of 
course the same from the first. Unless the rolling be done in 
wet weather, artificial watering is necessary from the commence- 
ment. The number of limes that the roUer has to be passed 
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over depends on the nature of the soil and of the materials, and 
very much on the thickness of the coat to be rolled. Four 
or 5 inches generally consolidate more readily than either a 
thicker or thinner coat. It is best to commence rolling at 
the sides, and work towards the middle, as the form of the road 
is better preserved. After the rolling is thoroughly completed, 
the road presents a mosaic-like surface, made up of the flat sides 
of the stones wedged together, on which loose stones are crushed 
by the roller instead of being forced into the road. "When the 
stx)nes are thoroughly wedged together, but not before, binding 
must be added. This may consist of fine gravel, road scrapings, 
or sand. When the road materials are silicious, a binding 
of limestone detritus or road scrapings is the best, and with 
limestone materials sand may be used, but a chalky or clayey 
binding should be avoided. The binding should be spread dry 
with a shovel, uniformly, and in not too large quantities, and be 
Tolled into the interstices between the stones with the help of 
watering and sweeping, fresh binding being added when that 
first applied has worked in. 

It is necessary that all the interstices in the upper stratum 
of the road should be filled when the stones are perfectly 
consolidated, and provided that this is done, the less binding 
that is used the better. The closer the stones are wedged 
together the greater will be the proportion of surface of stone 
to resist wear. By the process of rolling, the interstices which 
vrere at first 45 to 50 per cent, of the whole body of the metal- 
ling can be reduced to 30 per cent, or even less, but binding 
sufl&cient to fill this amount of void is not required. About one 
quarter the bulk of the stones is a proportion sometimes used 
in France, and one-sixth is laid down in the Hanoverian ofi&cial 
instructions as the proper proportion, but as little as possible is 
the best quantity to use. With a larger quantity of binding 
material, less rolling is required, but the road wiU not be so 
sound and durable. WTien more binding has been used than is 
necessary to fill the voids, it is sometimes the practice to water 
plentifully, and then by rolling to squeeze out the excess as 
mud. This must be swept off, or the road will be left very 
muddy. There is danger of softening the foundation of the 
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road by excessive watering, and more especially in the early 
stages of rolling. 

The effects of using a binding material in Liverpool is thus 
stated by Mr. Deacon : — * 

" Under a 15-ton steam roller, preceded by a watering cart, 
1,200 yards of trap-rock macadam, without blinding, can only 
be moderately consolidated by twenty-seven hours' continuous 
rolling. If blinded with trap-rock chippings from a stone 
breaker the same area may be moderately consolidated by the 
same roller in eighteen hours. If blinded with sicilious gravel 
from I inch to the size of a pin's head, mixed with about one- 
fourth part of macadam sweepings obtained in wet weather, the 
area may be thoroughly consolidated in nine hours. Macadam 
laid according to the last method wears better than that laid by 
the second, and that laid by the second much better than that 
laid by the first." 

Use of a Binding MateriaL 

It is imdoubtedly necessary to make use of a binding material 
when a roller is used to consolidate a road, but when the ordi- 
nary trafl&c is left to do this, the employment of a binding has 
been by many considered mischievous. Telford ' provided a 
binding material in the IJ inches of gravel spread over the 
broken stone, but it has been contended by McAdam and others 
that most of the material put on for the purpose has to be re- 
moved again by scraping, and that what remains lessens the 
compactness of the road, which is consequently more affected by 
wet and frost than it would have been had the broken stone 
been left to work in and unite by its own angles without any 
other material. On the other hand there is no doubt but that 
broken stone consolidates more quickly under the traffic, with- 
out losing its angular form, and with far less labour to the 
horses, when binding is used; and though an unsound rotten 
road may be made by the admixture of a quantity of clayey 
matter or other improper material with the broken stone metal- 
ling, under the pretence of binding it together, the proper use of 
a binding on a new road is founded on reason. 

* Proc. Inst. C.E., vol. Iviii. p. 18. 
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Examinations made by the Author of the structure of the 
best roads * prove that froin one-fifth to one-fourth of the whole 
coating consists of a fine muddy cementing matter, and that 
probably one-third of the whole is such small stuff as would be 
removed as ordinary scrapings. This is the result of the wear 
of the stones by crushing and grinding in the road, and in a 
new road as much as one-third of the weight of the stones 
forming it must be reduced to the character of road scrapings 
before the composition can become that of a well-consolidated 
road in which the stones are bound together by their own 
detritus. It is evident, therefore, that if this detritus, or a 
portion of it, can be provided at first, much wear of materials 
wiU be avoided, and the stones wiU consoUdate together with 
their sharp angles preserved. 

The binding material should be spread over the surface of 
the stone after it is laid, and its incorporation into the road- 
coating may be aided by raking. A mixture of the binding 
material with the broken stone before it is spread results in a 
large proportion of the former sinking to the bottom of the 
road-coating, where it is least required. 

Cost of Macadamised Roads, 

The cost of constructing macadamised roads varies greatly, 
according to the price of materials and other circumstances. 
With materials close at hand, a good road may be formed and 
coated for Is. or Is. 3rf. per square yard, and a London street, 
constructed in the best manner with 9 inches of Guernsey 
granite, may cost as much as 6s. or 7s. per square yard. 

The following particulars of the construction of roads in 
the neighbourhood of London were given by Sir James 

McAdam.t 

For a road of the first class, sufficient for a street with the 
heaviest trafl&c, 4 inches of gravel, riddled and broken so 
that no piece exceeded 3 ounces, was laid on a well-drained 
and prepared surface having a fall of an inch in a yard from 

♦ See table, p. 54. 

t * Annales des Fonts et ChauBS^es,' 1850, vol. xx. p. 28. 
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the centre towards the sides. When partly consolidated by 
traffic or by a roller, 2 or 3 inches more was laid, and over 
this, when sufficiently consolidated, 3 inches of granite or 
other hard stone. The furrows were kept raked, and the 
cross section maintained in true form until the whole was con- 
solidated, but no binding was used. The second class roads 
required 4 inches of gravel and 3 inches of hard stone or 
granite ; and the third class 3 inches of gravel and 2 inches 
of granite or hard stone. Taking the gravel at 5s. per cube 
yard, the granite at 14s. per cube yard, the drainage and 
preparation of the surface, and spreading and raking, each at 
2d, per square yard, a first class road was estimated to cost 
2s. 6d. per square yard. 

Prices are now higher, and the cost of such a road may 
be as above stated, 68. or 7s. per square yard. About 
London, instead of the gravel, hard core, clinker, brick or 
stone rubbish is often used for the bottom 9 or 12 inches, 
over which 3 inches of Thames ballast is laid, and then the 
granite or hard stone, which is often thicker than 3 inches. 
The bottoming, the ballast, and the top metalling are generally 
now rolled separately. Eoads suitable for suburban or country 
traffic, consisting of 9 inches of hard core, 3 inches of gravel, 
and 4 inches of granite or other hard stone, or of 6 inches of 
rough stone, and 6 inches of road metal, covered with 1 inch 
of gravel, may be constructed for 2s. 9d, to 3s. per square yard. 
A road with a pitched foundation 7 to 10 inches thick, with 
4 to 6 inches of broken stone over it, and an inch of bindinsr, 
costs from 4s. to 7s. per square yard. 

He-forming an Old Road, 

An operation required more commonly than making a new 
road is that of putting in order an old neglected one which has 
gone too far out of shape to be put right by ordinary repairs. 
The objects should be the same as in constructing a new road, 
namely, to provide sufficient drainage both of the foundation 
and the surface, a good and regular cross section, and sufficient 
strength. 
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The side-ditches should be cleared out and lowered if neces- 
sary, and any other drains that are required for the thorough 
drainage of the road must be constructed. Before proceed- 
ing to re-form the surface, the thickness of the road should 
be ascertained by sounding or pitting, i.e. by digging small 
holes in the surface, as the amount and nature of the materials 
in the road will, in a great measure, determine the proper mode 
of treatment. 

When the road is thin, it is generally best to leave the old 
surface undisturbed as much as possible, and to give the proper 
form by adding fresh materials, only lowering the sides, cutting 
down the high places, digging out earth and putting in broken 
stone where necessary, and taking up and breaking large 
stones, or breaking them in place with a heavy sledge-hammer 
when they appear on the surface. A uniform breadth should 
be determined on, a regular transverse section with a proper 
fall towards the sides should be given, and the water-tables or 
side channels should be brought to the same level on either 
side of the road, regulated, and defined by a sod bordering laid 
in straight lines or fair curves, wherever the width admits of it. 
Any metalling there may be outside the new side channels may 
be taken up and used to form the middle, and any useless 
material from the road may be laid behind the sod bordering. 
The waste on the sides of the road should be levelled and put 
in order, either by covering it with turf or sowing it with 
grass seeds, so that the feet of horses, cattle, &c. may not 
work it into mud in the winter. On one side, if required, a 
footpath may be formed behind the sod bordering. It is not 
desirable to have the footpath or the edge of the waste along- 
side the road higher than the sod bordering, i.e. more than 
9 inches above the water-table, a& if higher, the edge is 
troublesome to keep in order, being liable to moulder away and 
clog up the water-table. Outlets from the water-table through 
the sod bordering and mound behind must be made as frequently 
as required to carry off the water from the road. 

A good deal of the work attending the regulation of the 
sides may be done gradually after the metalled surface of the 
road has been put in order, but the road should not be con- 
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sidered as thoroughly in order until the whole width between 
the fences has been attended to. 

If the road contains a large quantity of mud and detritus, 
they should be removed by continual scraping imtil they are 
reduced to a proper proportion. The hollows and flat places 
should be patched with fresh materials as they appear, until a 
sound surface has been formed, which can be gradually thickened 
by the ordinary processes of maintenance. By these means 
the road is improved generally and gradually without being 
unnecessarily pulled to pieces. 

Lifting a Boad. 

Picking up a rough road, unless it is thick, does not generally 
succeed without the addition of a considerable quantity of 
materials, as the whole road is broken up and left open to the 
action of the weather. But when a road has been made of large 
stones, which have become mixed with the subsoil or with 
other useless materials, it often happens that the road contains 
in itself sufficient, or nearly sufficient, materials to make a good 
road when properly used. The process of lifting described by 
McAdam, and perhaps too often practised since, then becomes 
applicable. 

The whole body of the road is to be loosened with the pick, 
and all stones exceeding 6 ounces in weight, or which will not 
pass through a 2^-inch ring, are to be raked off to the sides by 
a strong heavy rake and broken to 2 J inches gauge. By re- 
moving the old materials to the sides of the road and breaking 
them there, the stone is separated from the dirt with which it 
was mixed in the old road, and proper breaking is ensured, both 
likely to be imperfectly done on the road itself. When the 
large stones have been removed, the road is to .be put into 
shape, a rake which brings the remaining stones to the surface 
being used for the purpose. The stone that has been broken by 
the side of the road is then to be spread on the surface thus pre- 
pared. A layer of quarry rubbish, or some other dry material, 
may be spread upon the foundation before the stone taken out 
is replaced, and fresh materials may be added if required. It is 



LIFTING A ROAD. 29 

generally preferable to lift the surface to the depth of about 4 
inches, rather than to the foundation, as in the latter case a 
large quantity of dirty and inferior stone is unprofitably moved. 
Only a small length of road should be lifted at once ; two or 
three yards at one lift is enough. Of a gang of five men, two 
may be employed in picking up the road, raking off the large 
stones, and forming the surface, while the other three break the 
stones ; or where there is less breaking to be done, these propor- 
tions may be reversed. It is alwg^ys possible by proper 
management to carry on the operation in short lengths without 
stopping the road, but the inconvenience to the traffic is of 
course great, and after being relaid, the broken stone presents 
the same surface as on a new road, and requires the same atten- 
tion until consolidated by the traffic. 

McAdam stated that the price of lifting a rough road 
4 inches deep, breaking the stones, reforming the surface, and 
cleaning out the watercourses was found to be from Id, to 2d, 
per square yard lifted.* 

McAdam's description of the condition of the roads with 
which he had to deal has been already quoted. It is clearly 
one to which the process of lifting is especially applicable. 
There was plenty of stone, imperfectly broken, badly arranged, 
and mixed with the soil, and by taking it up and re-making 
the road with care, a successful result was obtained. He 
pointed out, however, that in many cases it would be wrong to 
lift a road, and in the present day it is so in ^ a great majority 
of cases. With the mistaken notion of following McAdam's 
directions, roads are often pulled to pieces which would be 
better dealt with by a less violent process. 

* *Kemarks on the Present System of Boad Making,' p. 41. 
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CHAPTER III. 

ROAD MATERIALS. 

The materials used for road-metalling must of necessity vary 
very much. The haulage from any distance forms so large a 
part of the total cost that stone from local sources must 
generally be employed. The best material available should 
be chosen, and if not very strong, it wiU suffice where Jbhe 
traffic is moderate, a greater quantity making up for want of 
durability; but more labour will be required to keep the 
surface of the road in proper order with a weaker material 
imder the same traffic. With heavier traffic the use of a 
better material, even at a higher * price, becomes more advan- 
tageous, and in or near large towns the best material at almost 
any price is generally the most economical in the end. This is 
especially the case when the dirt arising from wear must not 
only be scraped off constantly, but be removed altogether from 
the road. Sometimes a stronger and more costly material may 
be used only for the surface, the body of the road being made 
of inferior local stone. For repairs the better material may be 
laid only on the middle of the road, where the wear is the 
greatest. 

A good road material should be hard, tough, and not 
affected by the weather. These three qualifications are by 
no means always found together. Thus flint, though hard, 
is often brittle, and some schistose or slaty rocks, although 
hard and tough when quarried, often disintegrate when 
exposed to the weather. Another quality of importance is 
that of binding well, and this is rarely found in combination 
with extreme hardness and toughness. Materials well con- 
solidated together and united in a mass resist crushing much 
better than when loose, and good binding property enables 
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a stone comparatively weak to wear better than a harder stone 
which does not bind. The igneous and silicious rocks as a rule 
have but little binding property. The sandy detritus which 
is formed from their wear, and in which the individual stones 
are bedded in the road, has no cohesion or elasticity beyond 
that which moisture gives it, and which it consequently loses 
when dry. The materials, therefore, work loose in dry weather, 
and stones at the surface are displaced. Limestones, on the 
other hand, furnish a mortar-like detritus which has consider- 
able cohesion, except when softened by excessive moisture. 

For very heavy traffic, hardness and toughness are of more 
importance than good binding properties, and the best road 
materials are traps, basalts, and greenstones, such as whinstone, 
Clee Hill stone, Eowley rag. Mount Sorrel, Nuneaton, and 
. Hartshill stone, and syenitic granite, such as the Guernsey 
stone used in London. Ordinary granite is generally an inferior 
road material, from the brittleness of the feldspar, and gneiss is 
no better. 

Hard quartzose grits and cherty sandstones from the Silu- 
rian and other formations make excellent road materials, but 
sandstones, unless they are cherty, or contain a considerable 
proportion of iron, are generally inferior. An irony sandstone 
sometimes met with in the coal measures, the Ightham stone, 
and the iron sandstone of Sussex, are examples of sandstones 
very good for road purposes. 

Copper slag, and furnace cinders from iron works, may be 
used with advantage where they are procurable, and when no 
stone strong enough to stand heavy traflBc can be got. They 
are both very durable, but care is required in the selection of 
the tougher sorts. They have no binding properties, and on 
this account are sometimes used with limestone; a rough 
sur&ce will, however, always result from the unequal wear of 
two materials so different in hardness. Limestone • scrapings 
or red ashes, laid on as a binding material, aid consolidation 
very much, and also prevent the injury to horses' feet from 
the sharp edges of the fresh-laid slag, which is so much com- 
plained of. 

Chalk flints and flint gravel are extensively used on the 



32 THE MAINTENANCE OF MACADAMISED ROADS. 

roads of the south of England. The former, though brittle, 
especially when freshly obtained from the chalk, make an 
excellent road, but one rather liable to work loose in dry 
weather. Flints obtained from the surface of the ground, or 
from gravel-pits, are tougher, and chert gravel is tougher than 
flint gravel 

Flint gravel generally contains a large proportion of rounded 
pebbles mixed with loam. All the pebbles above 1 inch in 
diameter should be broken, or they will not set, but it is a mis- 
take to make a gravel of rounded pebbles too clean. A certain 
amount of adhering loam is useful as a binding material ; and if 
too much is left, it will be scraped off the road as mud, but if 
there is too little, the pebbles will never form a firm and solid 
surface. By raking together the larger stones — those exceeding 
1 inch or 1^ inch in size — in the pits as the gravel is thrown 
out, the expense of riddling will generally be saved, the smaller 
stuff is useful for footpaths and other purposes, and the larger 
stones can be broken for the roads. 

Penfold recommended * that flint pebble gravel should be 
first cleansed from dirt and useless matter by sifting or screen- 
ing, and then that the stones above 1 inch in diameter should 
be separated by another sifting and then broken. The small 
unbroken pebbles are to be laid first with about one-fifth the 
quantity of chalk if it can be obtained, and when worked 
together for a while, the broken pebbles are to be laid on. The 
chalk should be small, and thoroughly mixed with the pebbles 
before they are spread. A very hard surface is thus made, but 
it is liable to blow up in frost. This liability may be. preferred, 
however, to a loose pebbly road. 

Field stone gathered from the surface of the land and 
river stone from the beds of streams and rivers are largely 
used in districts where quarries do not furnish a stone fit for 
road purposes. They both consist of the harder parts of 
stones derived from various and often distant sources, which 
have withstood the weathering and wear by which the softer 
portions have perished. Stones thus derived are not of 
uniform hardness, and, from their unequal wear, roads made 

♦ * Practical Treatise on Roads/ p. 12. 
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of them are not so smooth as when a material of one quality 
is used. 

The pebble stones scattered over much of the surface of 
Waxwickshire, Staffordshire, and Shropshire are an excellent 
road material. 

For traffic not very heavy, the harder limestones have 
great advantages, from their binding properties, in which the 
igneous and silicious rocks are deficient, and which enables a 
comparatively weak stone to wear better than harder stones 
which do not consolidate so well. The best limestones are the 
carboniferous or mountain limestone, the Devonian, and some 
from the older Silurian rocks. Lias limestone is inferior to 
these, and makes a muddy road, and the oolitic and most of 
the newer limestones have little strength or power to resist 
the weather, and should not be used for roads if anything else 
can be obtained. 

Limestone binds quickly and well, the detritus producing a 
sort of mortar which cements the whole together and forms 
a very smooth road. The wear takes place almost entirely on 
the surface, and although it may be considerable, the road 
shows no signs of weakness until the thickness is so far reduced 
that it is no longer able to bear the weight of the traffic. An 
unusually heavy load then breaks up the crust, and the road 
goes to pieces with little warning. 

The relative strength and durability of various road 
materials is a difficult matter to determine. No test but 
actual wear in the road can be fully relied on, and though it 
is easy to see that one stone wears twice or three times as 
long as another, it is almost impossible to take into account all 
the circumstances under which they are exposed to wear. The 
nature of the traffic has a considerable effect on the relative 
wear as well as on the actual wear of different materials, and 
the moisture or dryness of the road has often a great effect 
on the wear of the same material. 

The French Administration des Fonts et Chaussees en- 
deavoured to obtain a comparative numerical value of the 
qualities of the materials used on the national roads. The 
quality was assumed to be in inverse proportion to the quantity 
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consumed on a given length of road with the same trafl&c, and 
the coefficient 20 was given to trap, basalt, &c., of which the 
consumption is 15 metres cube per kilometre per 100 collars of 
traffic, and the coefficient 5 to stone, of which the consumption 
is 60 metres cube per kilometre per 100 collars. A scale was 
thus arrived at which is here reduced to English measures. 





Gonsamption per mile 

and per 100 collars in 

cubic yards. 


Coefficient of Quality. 


• 

Signification of 
Coefficient. 






30 


20 


exceUent. 






40 


15 


very good. 






50 


12 


good. 






60 


10 


sufficiently good. 






80 


7-5 


paBsably good. 






100 


6 


mediocre. 






120 


5 


bad. 





The mean coefficient of quality was determined in this 
manner for the materials used in each department. The follow- 
ing list has been compiled from a return for 1876.* It will 
be observed that materials of the same character bear widely 
different coefficients of quality. 

Coefficients of Quality of Boad Materials. 

Granitic gravel 23*8 

Quartz gravel 21*4 

Trap 20 

Quartz 10 to 25 (in one instance 4*8). 

Basalt 12 to 20 

Porphyry 10 to 20 (in one instance 5). 

Quartzite 11 to 18 

Devonian schist 16 

Schist 4 to 12 

Sandstone 12 to 16 

Granite 6 to 20 (generally 10 to 12). 

Syenite 12 

Gneiss 9 to 12 

Silicious pebbles and gravel . . 8 to 19 (in one instance 6). 

Silex 8 to 16 

Chalk flints 7 to 11-6 



* Btat indiquant la Decomposition par Ddpartement des Depenses d'Entretien 
des Routes Nationales en 1876. 
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Silicious limestone 6 to 18 (generally about 10 to 12). 

Compact limestone 14 

Magnesian limestone 12 

Carboniferous limestone .... 9 

Oolitic limestone 5 to 12 

Lias limestone 5 to 10 

Jurassic limestone 5 to 8 

Limestone 5 to 12 

Mean of all France 10*63 

The accuracy of the coefficients depended on the exact 
determination of the quantity of materials consumed by a 
certain amount of traffic, a process requiring great care and a 
considerable amount of time before correct results could be 
arrived at. It was, therefore, resolved to determine by direct 
experiment the quality of samples of materials from every 
department. These experiments were commenced in 1879 and 
were directed to the determination of (1) resistance to wear and 
collision, and (2) resistance to crushing. The apparatus used 
to determine the former consisted of cylindrical boxes of iron 
about 8 inches in diameter, and 13 inches long, mounted on an 
axle revolving horizontally, and so cranked as to hold the axes 
of the boxes at an angle of 30° with the axis of revolution. In 
each box was placed 5 kilogrammes of the broken materials to 
be tried, carefully cleansed from dust by washing, and the 
apparatus was put in motion at a rate of 2000 revolutions per 
hour. The stones rolled against one another, and were thrown 
from one end of the box to the other at each revolution. After 
5 hours or 10,000 revolutions, the boxes were opened, the 
detritus resulting from the rubbing and collision was carefully 
collected and sorted, and the weight of all of less diameter than 
^ inch, compared with that of the original sample, gave the 
degree of wear. It was found that the best materials seldom gave 
less than 20 grammes of detritus per kilogramme, and the coeffi- 
cient of 20 was, therefore, adopted for materials having that pro- 
portion of wear. For other materials the coefficient was derived 
from the proportion — 

Grammes of detritus : 20 = 20 : coefficient. 

Kesistance to crushing was determined by means of an 
hydraulic press. Experience having shown that cubes of the 

D 2 
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hardest materials rarely resisted more than 3000 kilogrammes 
per centimetre square (equal to about 19 tons per square inch, 
or the resistance of soft iron), the coefficient of 20 was given to 
materials presenting that degree of resistance, and other coeffi- 
cients were derived from the proportion — 

3000 : crushing weight per square centimetre = 20 : coefficient. 

637 samples were experimented on, with every precaution to 
ensure accurate results. When the materials were already 
rounded, as pebbles, they did not wear much in the machine, 
and obtained a coefficient far above their value, and there were 
anomalies with a few other materials, such as chalk flints with 
a softer coating, and stones with cavities. The size to which 
the stones were broken did not seem to have much influence 
on the wear. Generally the coefficients obtained agreed fairly 
well with those attributed to the materials from experience on 
the roads. The following table gives a summary of the results 
of these experiments : — * 



Materiala. 

Basalt 

Porphyry . . . . 

Gneiss 

Granite 

Syenite 

Slag 

Quartzite 
Quartzoae sandstone 

Quartz 

Silex 

Chalk flints . . . . 
Limestone . . 



Coefficient of Wear. 



12-5 

14-1 

10-3 

7-3 

11-6 

14-6 

13-8 

14-3 

12-9 

9-8 

3-5 

6*6 



to 24-2 
22-9 
19 
18 

12-7 
15-3 
30 
26-2 
17-8 
21-3 
16-8 
16-7 



if 
»> 

>» 

» 



Coefficient of Cnuhing. 



12-1 to 

8-3 
13-4 

7-7 
12-4 

72 
12-3 

9-9 
12-8 
14-2 
17-8 

6-6 



»> 
»> 

n 
n 
n 

» 
ft 
ft 



16 

16-3 

14-8 

16-8 

13 

11-1 

21-6 

16-6 

13-2 

17-6 

25-5 

18-5 



Powers to get Materials. 

Under the General Highway Act, surveyors of highways 
may get materials for the repairs of roads from any waste land 
or common ground, river, or brook, in the parish within which 

* Determination directe de la qualite des materiauz d'entretien. Paris, 1880. 



POWERS TO GET MATERIALS. 37 

they are to be used, and in case sufficient cannot be con- 
veniently had within the parish, in any other parish ; and may 
likewise gather stones lying upon any lands or grounds within 
the parish, making satisfaction for all damages done to the lands 
or grounds by carrying them away. A month's notice in 
writing, signed by the surveyor, must be given to the owner of 
any enclosed land or ground from which materials are intended 
to be taken, that he may attend before the justices to show 
cause why such materials should not be had therefrom, and the 
justices may give the surveyor hcence in writing to dig, get, 
and carry away materials (if sufficient cannot be had con- 
veniently from waste land, common grounds, rivers, or brooks) 
in and through enclosed grounds within the parish where the 
same shall be wanted; or within any other parish adjoining 
or lying near the highway for which the materials shall be 
required, if it shall appear that sufficient materials cannot be 
conveniently had in the parish where such highways lie, or in 
the waste lands, &c. of such adjacent parish ; the surveyor 
making such satisfaction for the materials and for .the damage 
done as shall be settled by order of the justices at a special 
sessions for highways.* Gardens and ornamental grounds 
cannot be thus entered for materials, and any pits made must 
be fenced off, filled up, or sloped. 

These powers are, by the South Wales Highway Act of 
1860, transferred to the surveyors of highway districts, and 
by the Highways Act of 1864 are vested in the highway 
boards constituted under the Act in other parts of England and 
Wales. The powers of a highway board are vested in County 
Councils, for the maintenance of main roads, by the Local 
Government Act, 1888. 

Supply of Road Materials. 

The materials for road repairs may be supplied by contract, 
and delivered ready broken, or the stone may be delivered 
unbroken, by the side of the road, to be broken by the road 
labourers ; or the obtaining and preparation of the material may 
be done altogether by the road labourers. 

♦ 5 & 6 Wm. IV. cap. 50, sects. 51-54. 
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Whether broken or unbroken, the stone should, if possil 
be delivered on the roadside in the summer or early autunct^*^ 
when the roads are best able to bear the carting, and as mo^^ 
good stone hardens by exposure after being broken, tlx^ 
materials are improved by lying for some time before they ar^ 
used. There are, however, generally local circumstances whicl^ 
must be considered, as to get materials cheaply the cartage 
must be done by those who undertake it when they have 
no other use for their horses, and ill-considered conditions in 
the terms of a (contract may raise the price without any 
corresponding advantage to the roads. 

Eoad materials, whether broken or imbroken, are sometimes 
paid for by the ton, but more generally by the cube yard. 
They should not be purchased by the load, as the quantity 
delivered is uncertain when thus reckoned. When the quantity 
required is considerable, it is generally best to obtain it by 
contract, ready broken. The contractor should be required 
to deliver materials at such times, at such points, and in such 
quantities, as the surveyor may direct, not exceeding the 
amount of his contract. Where there are stone dep6ts, or 
room on the sides of the roads for stone heaps, it is best that 
the materials should be stacked on the roadside, where they 
are to be used, in regularly shaped heaps on a levelled bed, 
where they can be measured by the surveyor. If the heaps 
are all made of a uniform, cross section, their contents can 
be obtained by measuring the length only, a method con- 
venient both to the surveyor and contractor, when the quantity 
in a yard run is agreed upon between them. Thus, heaps 
6J feet wide at base, 2i feet wide at top, and 2 feet high, 
will contain 1 cube yard for every yard of length. Disputed 
measurements may be settled by means of a measuring box. A 
bottomless box 3 feet square and 1 feet 6 inches deep, holding 
half a cube yard is convenient for the purpose. The heaps 
should not be allowed to encroach upon the road or to interfere 
with the side channels. They should be so close together that 
the materials may be wheeled out on to the intervening parts 
of the road by the roadman in such quantities, and at such times, 
as they are wanted. 
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^1^ Wlira« there are no convenient places for stone heaps on 
^M "the roadside, or they are too far apart for the roadman to 
wheel out the material, the contractor may be required to cart 
the material to the road after it has been stacked up and 
measured. Unless very carefully looked after, this tends to 
waste. It is the interest of the contractor that large quan- 
tities of stones should be put on at one place, and at one time, 
I while economy ia the use of materials often requires small- 
hes, perhaps not containing one-eiglith or one-fourth 
i a cube yard in one place. With a contractor looking after 
'iiia own interests, and a roadman after tboae of his road, the 
latter too often suffer, and materials are extravagantly used. 

When carting from the heaps to the road is unavoidable, 
as it sometimes is, if it ia done by contract, a certain fixed 
distance, say 50 yards, should be stipulated beyond which 
the contractor is to cart materials in such quantities as he 
may be required on receiving notice, and under which distance 
the roadman is to wheel them out. This prevents the roadman 

I from wheeling to long distances to which the contractor should 

^^^j}art, and prevents disputes and jobbery. A far better way 
^^K& to employ team kbour, that ia, to hire a horse and cart 
^^^iiy the day for the purpose. 

When stones are carted to the road and shot down, all the 
small stuff and dirt remains where the load was shot, and 
instead of being nseful, as it would be if it were used from the 
bottom of a heap by a good roadman where required, it only 
makes a dirty place on the road. To avoid this, it is better that 
the stones required should he shot down clear of the place 
where they are to be nsed, and spread uniformly from the heap 
with the shovel. 

Size of Road Materials. 

The size to which road materials should be broken was 
I down by McAdam as not to exceed 6 ounces in weight, 
bhe difference in the specific gravity of the various stones not 
ing any appreciable difference in the size. Telford 
E|dopted this weight, and also 8 ounces, for making a&vi 
is. but a stoiic tiiut would pass iu its largest dimensions 
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through a 2i-inch ring soon became, and ha^ since remained, 
a recognised size. A cube of rather less than IJ-inch, 
containing 3 cubic inches, and about 6 ounces in weight, 
will pass this gauge, and it is a size sufficiently small for 
road-making. For surface repairs a smaller size may be used 
with advantage, especially when the material is hard, as it 
covers a larger surface, consolidates sooner, and makes a 
smoother road. The metalling, called '.'medium" in London, 
not exceeding 5 ounces in weight, will pass through a 2-inch 
ring, and a 4-ounce size is sometimes used. On the South 
Wales county roads the stones were specified to be broken to 
a ring gauge of 2|: inches, or sometimes 2 inches, the latter 
giving stones not much more than half the cubic content and 
weight of a stone of 2^-inch gauge. 

The tougher the stone is, the smaller it may be broken with 
advantage to the road, but of course at an increase of cost. 
On roads where the traffic is of a heavy character, breaking 
the materials to a small size is an expense not attended by 
any advantage, and if the stone is not very tough, too large 
a proportion of smaU stuff is produced, which is of little use 
in the road, and can only be separated by screening at an 
extra expense. MetaUing to be laid with a roller need not 
be broken so small as it should otherwise be. When stones 
are once well bound together, as they are by a roller, they are 
the stronger for being larger. 

Considerable care should be taken to ensure the proper 
preparation of road materials. The stones should be able to 
pass the gauge in every way, so as to be neither long, flakey, 
nor flat, but as nearly cubical in form as possible. Uniformity 
of size within certain limits is desirable, especially with 
harder descriptions of materials, as stones of the same size 
resist wear and crushing much better than a mixture of large 
and small, and a large stone makes a point in the road surface. 
It is seldom necessary, when stone is properly broken by hand, 
to screen out the small stuff, as the proportion is not greater 
than is useful, but clay and dirt of all sorts should be rigorously 
separated. It is sometimes of advantage to separate materials 
of very uneven size by screening, and to use the smaller and 
larger separately. 
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It is generally considered that a cube yard of materials 
broken to a gauge of 2 or 2 J inches will cover 30 square yards, 
if carefully spread one stone in thickness, or that 300 cube 
yards will coat a mile 5 yards wide. 

Stone-breaking. 

According to McAdam, the only proper method of breaking 
stanes, both for effect and economy, was by persons sitting, 
as more stones were broken, and with a lighter hammer. The 
hammer he recommended was about a pound weight, with 
a face the size of a shilling, well steeled, and with a short 
handle. Among the road tools figured in the " Greneral Eules 
for Eepairing Eoads" issued by the Parliamentary Com- 
niissioners in 1819, and often reproduced since, is a hammer 
of this sort, 1 pound in weight, and 5| inches long in the 
head, with a handle 1 foot 6 inches long, and also a heavier 
hammer, 2 pounds in weight, and 2 feet 6 inches long in the 
handle. A heavy hammer is required to break large stones 
into pieces which can be afterwards reduced by a few blows 
from a light hammer to the proper size, but a light hammer 
^tii a short stiff handle is not used by the more expert stone- 
hrea.kers, nor in the sitting posture generally preferred by 
them. The blow from a small head, on a long flexible handle 
^ ^'Huch more effective than that from a short-handled hammer, 
bat great quickness of eye and long training are required to 
8^^^ the blow at once exactly in the right place. 

A good stone-breaker will break 2 cube yards of hard 

"^estone to the ordinary gauge in a day, and some men will 

break more. Hard silicious stones and igneous rocks can 

o^y be broken at the rate of 1^ or of 1 cube yard per 

i^y. Of some of the toughest, such as Guernsey granite, a 

ittau can only break on an average half a cube yard per day. 

River gravel, field stone, or flints, which are already of a 

small size, can be broken at the rate of of 3 or 4 cube yards 

per day. 

Stone-breaking by road labourers can only be done to 
advantage when their proper work is not sufficient to keep 
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them otherwiae fully employed throughout the year. It^S 
then useful to employ their spare time in stone-breaking 
the cube yard, and thia may be done through the summer 
months, when the roads require less labour, but when it is 
still very desirable to have a man in charge of a length of 
road, and ready to attend to it at once on any emergency, such 
as a heavy storm. Eoad labourers are often not expert stone- 
breakers, and are consequently disinclined to undertake the 
work. They expect to make at least as much as their usual 
wages by it, and to do so they must often have a higher price 
per cube yard than the practised stone-brealier. _^B 



Slone-brcaldiig by Machinery. 

Tlie increased cost of labour and the diflaculty of procuring 
a sufficient number of stone-breakers have led to the intro- 
duction of stone-breaking machines. The original and heat- 
known machine ia that of Blake, an American crushing 
machine, in which modifications have been made in this 
country to fit it for breaking road metalling. There is also a 
similar machine patented by Hope, and a machine known as 
Archer's. 

In the two firat-named machines the atone ia broken 
between powerful jaws opening upwards, one fixed, the Other 
hinged at its upper end and actuated by an eccentric. Aa the 
fragments are reduced in size by successive strokes, they fall 
lower and lower in the jaws until they are sufficiently small to 
pass through into a revolving cylindrical screen of wrought 
iron pierced with holes, by which the useful stone is separated 
from the small. 

The cost and results of working a Blake maelijne at 
Barrow are given by Mr. Arthur Jacob,* from which it appears 
that the cost of breaking hard greenstone pebbles 4 inches to 
6 inches diameter to the size for road metalling, including 
every expense of unloading from a vessel by a steam crane, 

• Procepdmgs of the Asaodatiou of Municipal and Banitarj- Engineero, toI. 
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labour, coal, oil, repairs, wear and tear, &c., was Is. a ton. 
Xlie machine was 15 inches by 9 inches at the mouth, and 
broie on an average 60 tons a day of a hard and tough stone. 
Xlie wear and tear was very great. During twelve months 
tbtG loose jaw had to be replaced nine times, the fast jaw eight 
times, the cylindrical screen once, the toggle plates four times, 
and the side cheeks six times, at a cost of 124Z., or 62^- per 
cent of the original cost of the machine. The "improved 
ja^vir," intended to break long pieces across, into a more cubical 
form, did not appear to have any advantage over the ordinary 
ja^w ; it presented so many angles that it soon wore away, and 
became inferior to the ordinary fluted jaw. 

It is stated * that at Birmingham a Blake's stone-breaking 
machine broke on an average 40 tons of Eowley ragstone (a 
basalt) per day, at a cost of lOJd. per ton, exclusive of the 
wear and tear of the machine, the cost of breaking the same 
stone by hand being Is. 9d. per cube yard. It is stated that 
15 per cent, of dust or fine stone was produced, and of the 
remainder one-fifth had to be broken by hand. It was very 
irregular in size, and flakey in comparison with hand-broken 
stone. The machine was jnore efficient in breaking granite, 
or pebbles, than the Eowley rag. 

All three of the above named machines — Blake's, Hope's, 

a3id Archer's — were thoroughly tried at Barnton, at Eavelrig, 

and at Blackford quarries, worked under the trustees 

of the Edinburgh turnpike roads. The stone is a hard 

whinstone (trap) in the two last-named quarries, and an 

excessively hard syenite at Barnton, and therefore well 

calculated to test the powers of a stone-breaking machine. 

Archer's machine was found to produce the best quality of 

road metalling, but in smaller quantities, and at such a cost 

for repairs and renewals as to prohibit its use. The Hope 

machine, the peculiarity of which is in its cubing jaws, was 

found to produce metalling very nearly as good as, and with 

much less wear and tear than, the Blake machine. The 

quantity of whinstone broken by a 16-inch by 9-inch Hope 

♦ Report of the Borough Surveyor, 1874, p. 11. 
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machine was about 40 tons a day, and the cost was as 
follows : — 

£ t, d. 

Wages, 6 men and 1 boy 17 10 

Coal, } ton 7 6 

Oil, cotton-waste, &c. . . 3 6 



£1 8 10 



equal to 9d. per ton, screenings included, and the total cost, 
including wear and tear and all expenses, was about Is. a cube 
yard for breaking by the machine a stone which costs Is. lOd. 
per cube yard to break by hand. The amount of small stuff 
separated by the screen averaged about one-sixth of the 
whole, or twice as much as would result from hand-breaking. 
At Barnton, where the stone is syenite and much harder, an 
average of about 32 tons a day was broken by a machine of the 
same sort, at a cost, for wages, coal, oil, &c., of Is. Id. per 
ton. Including all expenses, the total cost was about 25. per 
cube yard of road material, which it would cost 3s. 6d. to 4s. 
per cube yard to break by hand. 

In France a commission appointed to experiment on stone- 
breaking by machines found that an American machine, 
similar to Blake's, produced one-fifth of screenings compared 
with one-sixth produced by hand-breaking. There was, how- 
ever, less dust and more small stone in the screenings from 
the machine, the proportion varying with the nature of the 
stone. The machine broke about 22 cube yards per day, and 
the cost including interest, depreciation, &c., was found to be 
Is. *7d. per cube yard, when the price paid to contractors for the 
same stone was 3s. 3d. An economy of 50 per cent, was thus 
shown, supposing that the machine was kept in regular work, 
which can very rarely be realised in practice. 

The following particulars of the cost of stone-breaking by 
machines of various sorts, including all charges, compared with 
hand-breaking, are extracted from a table given by Mr. Hall.* 

* Trans. Soc. Engineers, 1879, p. 65. 
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liOcaUtj. 



Sussex .. .. 

Great Ayton. . 
West Coast . . 

Warwickshire. 
Somerset . . 



Material. 



• • • 



rFlints . . . . 
Purbeck stone 

Boulders 

Blue whin 

^I^P> syenite, Welsh 

granite 

Rowley rag . . 
Carboniferous limestone. 



Qaage. 


Cost of 

Breaking by 

Machine, per 

ton. 


in. 
2i 


9, d. 

7 


and 


to 


li 


10 


2 


1 3 


2i 


1 4 


2i 


lOi^ 


2i 


6 



OoBt of Breaking by 
Hand, per ton. 



8. d. 
f Flints ..10 

Purbeck 2 

.Granite . 2 

1«. 6(2. to 2 

1 10 

2 3 
1 



At Mount Sorrel, Leicestershire, the stone, a hard trap, is 
passed through an improved Blake machine, and then through 
riddles separating the gravel from the 2J inch Macadam, the 
residue which will not pass the 2 J inch mesh being passed through 
fluted rolls. Leaving out the cost of getting, &c., which is the 
same whether the stone is broken by machine or by hand, the 
costs of breaking in the two ways as obtained by taking quan- 
tities of 50,000 to 100,000 tons is as follows :— 



Loading 

Breaking 

Storea 

ives 




By Hand, Cost per ton. 



8. d. 

Labour and tools . . . . 2 2 

Loading up 2 

Locomotives 2 



2 6 



There is here apparently 7d, per ton in favour of machine 
breakiog, but when the interest on capital and depreciation of 
xnachinery are added, there is really a very small gain by the 
^ise of machinery. The great drawback is the large amount of 
gravd and chips produced, which at Mount Sorrel amounts to 
more than one-fourth of the rough stone broken. 
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Stone broken by machines is not so durable as if hand- 
broken. There is always, even with the hardest stone, a 
certain amount of crushing, which is greater when the jaws 
become worn. A stone not so hard, such as mountain lime- 
stone, suffers so much from the crushing as to stand very little 
wear on a road afterwards. The stones are not so cubical in 
form or so uniform in size as if well broken by hand. 

To use stone-breaking machines to advantage, they must be 
kept pretty constantly at work, and an annual turn-out of 
12,000 to 18,000 cube yards of road metalling cannot under 
ordiQary circumstances be used within a short distance of a 
fixed machine. There must therefore be a siding and railway 
communication to convey away the broken stone, and the cost 
of carriage by railway and carting soon adds to the price. A 
stone-breaking machine and its engine may be moved from 
place to place, but the former, when mounted on wheels, weighs 
6 or 7 tons, and the engine which works it must be capable of 
drawing it from one place to another. 

Generally speaking, stone-breaking machines can be used 
to the greatest advantage when the material is difl&cult to 
break, and where there are facilities for distributing large 
quantities from one, or a small number of sources of supply. 
The loss of durability resulting from machine-breaking can be 
compensated for by the use of an increased quantity of mate- 
rials, and the economy of substituting machines for hand labour 
will generally be almost entirely a question of transport of 
the broken stone to the roads. Where stone is obtained here 
and there in small quantities, and is broken on the spot, or in 
the stone depots, a machine is not applicable. 

Cost of Road Material. 

Quarrying stone for road metalling usually costs, at ordinary 
rates of wages, 6rf. to Is. per cube yard, according to the 
difl&culty of the work, and stacking the stone for measurement, 
2d, per cube yard. Breaking by hand costs from Is. M. or 
Is. 4d, to Is. lOd. per cube yard for ordiaary silicious rocks 
and the harder limestones, and 2s. to 2s. &d. for harder silicious 
and igneous rocks. Igneous rocks are sometimes difficult and 
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costly to quarry, and can then be broken at a comparatively 
cheap rate, owing to the small size of the fragments. Thus 
some hard basalts and traps cost no more than Is, 3d. per cube 
yard to break, after having been raised from the quarry at Is. 
or more per cube yard. 

The cost of carting of course varies very much according to 
the distance. It can generally be done at about 6d. per ton 
per mile, equal to about 6id. per cube yard, by arranging for 
it at the time of year when work for horses is slack. On 290 
miles of county roads in Carmarthenshire the cost of hauling 
stone from local sources was found to be a little less than one- 
half the total cost of the materials, or on an average Is. lOd, 
per cube yard, out of a total cost of 3s. 9^^. On 130 miles in 
Badnorshire the cost of haulage bore nearly the same propor- 
tion to the total cost. The conveyance of a good material by 
railway soon increases the cost to 6s. or 8s. per cube yard, and 
it is sometimes well to go to 12s. or 13s. per cube yard, or even 
to the London price of 16s. or 18s. per cube yard for first-rate 
material exposed to heavy traffic. The cost of wheeling out 
materials from depSts or heaps about 100 yards apart, and 
spreading them in sheets, is about 5d. per cube yard, or a man 
can wheel out and spread 7 cube yards per day. When laid in 
small patches, the cost per cube yard is higher. 

In the county of Edinburgh, the average cost of a cube yard 
of materials for the turnpike roads in 1877 was made up as 
follows in the dififerent districts : — 



QuaRying and quarry expenses 

Breaking 

CSarting to depdts 

Carting from depdts to road 

CrOBt before being spread . . 
Spreading 

Total cost on road . . . . 



Lesswade 

and 
Wrights- 
houses. 



9. d. 

1 5f 

2 Oi 
2 7i 

nj 



7 1 
7i 



7 8i 



5 lOf 
5f 



6 ii 



4 U^ 
5i 



5 5 



Dalkeith 

and 

PoetBoad. 


Cramond. 

1 


«. d. 

1 4J 


t. d. 
1 3i 


1 7 


1 lOJ 


2 4 


1 5 


Q 7i 


n 



Galder, Slate- 
ford, and 
Corstorphine. 



1 7i 

1 3 

1 If 

4J 



4 5 
9ii 



5 2i 
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The materials were whinstone (trap), in the first, second and 
last-named districts, and syenite of a very hard nature, in the 
Cramond district, and they were principally machine-broken. 
The distance to which they were conveyed to depots, in many 
cases by rail, and thence to the road, was often considerable. 
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CHAPTEE IV. 

COMPOSITION OF ROAD-COATING. 

Stone, when broken to a size fit for road material, is more bulky, 
weight for weight, than either the solid rock or the quarried 
stone from which it is derived. The late Mr. C. W. Merrifield, 
F.R.S., noted that, assuming that none of the faces are concave, 
and that there are no built up hollows, broken stone cannot lie 
looser than when all the pieces are of the same size and shape 
and are regular tetrahedrons, and when that is the case he 
showed that half the space is filled and half void.* Experi- 
ments confirm the conclusion thus arrived at. Herr Bolkel- 
berg states t that he found that broken stone, averaging in 
size from 3|- cubic inches in some experiments to from 4 to 
6 cubic inches in others, consisted very nearly of half solid 
and half empty space, that rounded stones packed closer 
than angular ones, and left less void, and that by packing 
irregularly shaped broken stone in a chest the empty space 
could be reduced to as little as 40 per cent, of the whole. As 
a general result the size of the stones was without sensible in- 
fluence on the proportion of the empty space if the stones were 
of an even size, but stones of various sizes mixed together gave 
a smaller proportion of void, which diminished as the variety in 
the size of the stones was greater. 

The last observation as to the effect of various-sized stones 
on the proportion of solid to void explains the difference 
between the results of other observers. 

M. Berthault Ducreux states J that stone broken to pass a 

* A plane can be completely covered with tetrahedrons, of which the volume 
will be as one-third of the height. A complete set of tetrahedrons cannot be in- 
verted on the first so as to fit in, but half a set can be made to fit in with a whole 

set. This gives - -f — = - of space filled, and the other half empty. 

t Zeitschiift des Architecten- und Ingenieur-Vereins fur das K5nigr^ch 
Hannover, 1856, p. 225. { Annales des Fonts et Chauss^s, 1834, vol. vii. 
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gauge of If inch to 2 inches, and separated from the small 
stuff which breaking produces, contains 54 per cent, of solid 
stone and 46 per cent, of void. M. Gasparin gives * the propor- 
tion as 55 per cent, solid and 45 per cent. void. Mr. Leahy f 
gives as the result of experiment that 100 cube feet of stone, 
when broken to pass through a ring — 

1} inch in diameter, measured 205 cube feet. 
2 „ „ „ 190 „ 

2i M ,i )> 170 „ 

which gives the following proportions of solid stone to void : — 

Stone broken to 1^-inch gauge : solid 49, void 51 per cent. 
» »> 2 „ „ „ 53, „ 47 n 

»> i» ' ^ »» »> »J ^^9 »> ^1 V 

In this case it would seem that the stone must have been 
more even-sized when broken to the smaller gauges. 

It appears from the weights per cubic metre, and the specific 
gravities of 'the 637 samples of broken materials used on the 
national roads of France, which were experimented on as 
already described, that the proportion of solid ranged from 49 J 
to 57f per cent, of the whole, and was generally 52 or 53 per 
cent. 

Mr. J. Mitchell,! by beating down screened broken stone 
metaUing of ordinary size in layers of 6 inches in thickness, 
obtained a proportion of rather more than 59 per cent, of 
solid stone, thus agreeing closely with Bolkelberg's result with 
packed stone. 

The following are the weights of a cube foot of some of the 
stones generally used for road metalling : — 

Glee HiU stone . . 179} lbs. per cube foot. 

Other basaltic rocks 173 to 187 „ „ 

Syenite (Guernsey granite) . . 173} „ „ 

Limestone 154 to 172 „ ,, 

Sandstone 156 „ 165 „ „ 

Taking 55 per cent, as the amount of solid stone contained 
in broken stone metalling, the weight of stone in pounds per 

* Annales des Fonts et Chauss^, 1858. 

t Practical Treatise on Boads, p. 186. 

{ New Mode of Constructing Streets, &c., p. 14. 
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cubic foot, multiplied by 27 X 0*55, or 14*85, will g;ve the 
weight of a cube yaxd of the same stone when broken to road 
metalling. Thus, a cube yard of broken road metalling of 
compact mountain Umestone weighing 172 lbs. per cube foot 
wiU weigh 172 x 14-85 = 2554 lbs. or 1 ton 2 cwt. 3 qr. 6 lbs. 
A simple proportion will show that in this case a ton of stone 
will produce rather less than -^j cube yard of broken road 
metalling. Lighter stones will give a rather less proportion of 
broken road material per ton, but in taking account of materials 
used, tons may be reckoned at -j^ of a cubic yard. 

Gravel, though made up of a lighter material, contains a 
larger proportion of solid, and weighs heavier. A coarse flint 
gravel was found by the author to weigh 1 ton 5 cwt. per cube 
yard as it came from the pit. 

According to Mr. Leahy's experiments, stone, when broken 
to a IJ-inch gauge, measured nearly one-fourth more than 
when broken to a 2^-inch gauge. It thus appears that there is 
less of solid stone, as well as a proportion of small useless stuff, 
in a cube yard of stone broken unnecessarily small. 

In road maintenance a coating of materials has to be dealt 
with which has been modified by wear into something very 
different from the broken stone originally spread, and a know- 
ledge of its constituent parts is necessary for its proper 
treatment. 

On pulling to pieces a specimen cut out of a good limestone 
road, kept in first-rate order, the author found that the stone in 
it which would not pass a |-inch ring, and which consisted of 
all sizes, from ^ inch up to the gauge of 2 J inches, to which the 
stone had been broken, contained 55 per cent, of solid to 45 of 
void, being the proportions which broken stone has already been 
stated to contain. The stone of all sizes in the same specimen 
after everything that would pass through a cheese-cloth having 
twenty threads to an inch had been washed away, weighed, 
when not perfectly dry, 68 per cent, of an equal bulk of solid 
stone, thus giving a proportion of 68 solid to 32 void. 

In a consolidated road all interstices are filled up either 
with small detritus or mud, and the author has found that 
specimens of consolidated limestone roads weigh from IGl 
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to 163^ lbs. per cube foot when the limestone of which they are 
made weighs 171^ to 172 lbs. per cube foot, the consolidated 
road thus being from 93^ to 95J per cent, of the weight of an 
equal bulk of solid stone. The same proportion was found to 
prevail in consolidated road surfaces composed of igneous rocks. 

These results agree with those recorded by M. Bardonnaut,* 
giving the specific gravity of a road 2*40, when that of the ' 
limestone of which it was composed was 2*57; and with a 
statement by M. Grasparin,t that the density of consolidated 
road to solid stone is as 240 to 255, which gives for the weight of 
consolidated road from 93J to 94 per cent, of the weight of an 
equal bulk of solid stone. 

Assuming, as experiments show, that broken road materials 
contain 55 per cent, of solid stone, a cube foot composed of 
broken stone which weighs in the solid 172 lbs. per cube foot 
will weigh 172 x 0*55, or 94^ lbs. By the process of con- 
solidation in the road it is crushed and compressed together till 
it weighs, as in the roads above referred to, say 162 lbs. per 

cube foot, and the bulk it then occupies must be in the inverse 

941 
proportion, i« e. ^-^ = • 583, or 58 per cent, of its bulk before it 

was spread on the road. Or put in another form, it takes 
nearly If of road metalling measured by bulk or thickness 
before it is spread to make 1 of consolidated road surface. 

These proportions may be expected to vary with the amount 
of solid stone in the materials, and of detritus contained in the 
road. M. Berthault Ducreux J states that as a mean result he 
found that 1 cubic metre of limestone, broken to If -inch to 
2-inch gauge, gave • 71 cubic metre of consolidated road, or 
that 1*41 of broken stone was required to make 1 of consoli- 
dated road. M. Bardonnaut § gives as the result of experiment 
that 1 cube metre of a consolidated limestone road contained 
1 • 64 cube metre of materials when pulled to pieces and sorted 
in various sizes. M. Graefif || found that with schist the pro- 
portion was from 1*30 to 1*55 and the mean very nearly 1*41 
of materials to 1 of consolidated road. 

* AnnaleB des Fonts et Chauss^es, vol. zvi. 1838. 

t Ibid., vol. vL 1853. t Ibid., vol. viL 1834. 

§ Ibid^ vol. xvi. 1838. jj Ibid., vol i^ 1865. 
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It may be assmned therefore that it takes from 1*3 to 1*7 
by bulk or thickness of road materials, as measured before they 
are spread, to make 1 of consolidated road, or that materials, 
when consolidated in a road, occupy from * 77 to • 58 of the 
space they did before they were spread. A proportion of 1^ 
of materials to 1 of road, or § of road-coating to 1 of materials, 
will generally not be far from the truth. 

So long ago as 1834* experiments were made by M. Berthault 
Ducreux to ascertain the composition of consolidated road 
surfaces by separating the different sizes of the materials. 
Taking 2 centimetres (= 0*8 inch), which was the size of 
the mesh used to separate the small gravel from the road 
materials, as the gauge for stone, he found that the proportion 
of stone above 2 centimetres in the coatings of different roads 
was generally from 18 to 31 per cent, of the whole, rarely over 
35 or less than 9 or 10. The proportions of the smaller sizes 
appear also to have been ascertained, but are not recorded. 
The gauge of 2 centimetres or 0*8 inch has since been 
generally adopted by French engineers as that above which 
the material in a road is ranked as stone, and below which it is 
called detritus. Though the general result of wear must be 
gradually to reduce the materials from the size at which they 
were put on the road to the mud and small detritus scraped 
off, it is difi&cult to draw any line between stone and detritus, 
or to say at what size a stone ceases to be useful. The pro- 
portion of large stone would often be a fallacious measure of 
a road's strength. The author has found portions of road which 
always go to pieces in wet weather to have an unusually high 
proportion of large stone, the reason being that large quantities 
of materials are continually laid down on a soft, wet subsoil, 
and the road is weak and bad for want of drainage, though 
full of stone. On the other hand, in a dry situation, the pro- 
portion of large stone may be but small, and the road perfectly 
good under trafl&c which would convert a more stony but 
ill-draiDed one into a bog. Nevertheless, under the same 
conditions, a road with an undue proportion of small detritus 
and mud is less able to resist the wear of heavy traffic, and 

♦ Aimales dea Ponts et Chauss^es, vol. vii. 1834. 
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Analyses op the Composition op RoAD-coATnros. 





Locality. 


P£B0BNTAOB8. 


No. 


Stonb. 


Mud, Ac. 




Over fin.' 


Over 1 in., 
under fin. 


Over 1 In., 
nnderf in. 


Over A in., 
under 4 in. 


under^h 


1 


Pembrokeshire mail road, west 
of Canaston Bridge — ^Mountain 
limestone 8 inches thick, as 
good as a road can be ; upper 
4i indies • • * . 


40*6 


12-9 


7-1 


20'2 


19 1 


2 


Do. do. do. ; lower 3} inches 


63-5 


13-2 


• • . • 


33-3 


• • • . 


3 


Kidwelly road, near 6 m. — Moun- 
tain limestone 3J inches thick, 
on strong clay subsoil . . . . 


45-0 


12-7 


6:3 


14-5 

• 


21-5 


4 


Kidwelly road, near the same 
place — ^Moimtain limestone 1| ' 
inch to 2 inches thick ; road not 
metAlled for three years at least 


29-5 


17-4 


9-9 


22-6 


20-4 


5 


Brecon and Crickhowell road, east 
of Bwlch — Bwlch limestone 7 
inches thick, then subsoil, very 
good road ; chosen as the cleanest 
and driest part of the road 


33-5 


14-9 


8-1 


• 

18-5 


24-8 


6 


Brecon and Crickhowell road, near 
Scethrog — Bwlch h'mestone 5} 
inches thick, on field stone 6 or 
7 inches ; chosen as the softest 
and muddiest part . . 


21-5 


1 

16-0 


10-5 


28-0 


24-0 


7 


Brecon and Hay road — Mountain 
limestone 2 to 3j^ inches thick, 
on a pitched foundation . . 


23-5 


14-9 


9-0 


32-4 


20-2 


8 


Near Presteign toll-gate — Nash 
Silurian limestone 4f inches 
thick 


36-9 


11-9 


7-5 


17-9 


25-8 


9 


Pembrokeshire mail road on em- 
bankment near Cock's Hill — 
Camphill stone IJ inch to 2J 
inches, on grey stone, 8 inches 
thick altogether ; upper 2 inches 


32-4 


16-9 


8-8 


20-9 


• 

20-9 


10 


Llandore road — Copper slag, 
silidous and limestone ; lower 
3J inches of road 6} inches 
thick . . . . 


52-1 


10-5 


4'2 


9*9 


23*4 
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Analtsbs of the OoMFOSinoN OF BoAD-ooATraos — Continued. 





LOOAUTT. 




Pbbcjentaobs. 




No. 


SlONB. 


Mud, &C., 




Over fin. 


Over 1 in., 
nnder ^ in. 


Over f in., 
nnder | in. 


Over ^ in., 
nnder | in. 


nnder ^ in. 


11 


Uandore road — ^Nearly all copper 
slag; upper 3} incheB of the 
same specimen as 10 


44-3 


10-4 


6-1 


19-1 


20-0 


12 


Uansamlet road — Copper slag on 
furnace dnders 


40-1 


9-1 


6-1 


30*2 


14*4 


13 


Newtown road, Radnorshire — ^river 
stone 5} inches thick, on strong 
day, drainage bad, much cut up 
in wet weather 


36-2 


17-5 


• • •# 


45-0 


. . • • 


14 


Ditto ditto near same place. . 


40-5 


10-5 


.. .. 49-0 


• • •• 


15 


Penybont Oommon — Graig stone 
(igneous) h\ inches thick, on 
dry day 


• 

47-0 


11*7 


.. 20-7 


20-5 


16 


Near New Radnor — Qore stone 
(basalt) 3i inches thick, on a 
dry bottom ; stood timber haul- 
ing weU in bad season . . . . 


46-8 


14-3 


6-3 


10-7 


21-9 


17 


Near Penybont station — ^Llanfawr 
stone (igneous) 8} inches thick. 


44-0 


11-8 


7-5 


14-8 


21-9 


18 


Kail road, 2} m. S. of Llandegly — 
Eddw stone (igneous) 8j^ inches 
thick, on dry subsoil 


45-9 


11-7 


6-1 


17-4 


18-9 


19 


Between Llandegly and Penybont 
— Graig stone (igneous) 6 inches 
thick, on dry subsoil 


43-9 


11-8 


8-0 


16-8 


19-5 



the action of wet or frost, than one with a large proportion 
of stone. 

• Generally the materials are smaller in size, and there is 
' a larger proportion of detritus, near the surface than in the 
lower part of the crust of a good road. 

When road metaUing is put on in great thickness at once, 
the proportion of large stones remaining in the consolidated 
surface is greater than when thm coats are appUed, and 
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80 or even 90 per cent, of the whole may be found to be 
over I inch or ^ inch in diameter in a road newly made of 
materials broken to the usual gauge, and consolidated with a 
roller. 

The above table shows the results of some of the ex- 
periments made by the author, and under his directions, on 
the constituent parts of diflferent roads. Blocks of the whole 
thickness of the macadamised coating were cut out and pulled 
to pieces. The stone was sorted by sieves to the various sizes, 
and the mud, &c., was separated by washing through a cheese- 
cloth having twenty threads to an inch, which allowed every- 
thing under ^ inch to pass away. Newly stoned portions 
were avoided in taking the specimens, and the points chosen 
were such as to give a fair sample of the composition of the 
road. The materials employed had been in all cases broken 
to the gauge of 2^ inches or 2J inches, and the roads were 
maintained on the same general system with ^thin coats of 
stone. 

It will be observed that of stone above J inch, a gauge 
rather larger than the 2 centimetres of the French engineers, 
the proportion varies from 21J to 53^ per cent., and only 
exceeds 50 per cent, in the lower portions of two roads. Of 
stone above f inch, the proportion varies from 37J to 66J. The 
weakest in stone of the larger size, either above f inch or 
J inch, is No. 6, a specimen from a point chosen as being by 
reason of its situation the softest and muddiest on a very 
good limestone road from which No. 5 was taken at a clean 
and dry spot for comparison. A specimen almost as poor in 
large stone is No. 7, from a road having a pitched foundation, 
over which the broken stone had worn thin. The roads com- 
posed of igneous rocks, traps, and basalts, appear always to 
abound in large stone. The stones probably do not split up 
when once in the road, either from the action of the trafi&c 
or the weather ; but are reduced more gradually by attrition. 
The constituent part which exhibits the most constant pro- 
portion is the mud and other small stuff washed out, which 
in all specimens but one is from 19 to 25| per cent, of the 
whole. Two specimens in which extreme proportions of mud 
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appear, viz. No. 1 and No. 5, are from roads both excellent, and 

between which it is hard to say which was the better. No. 12, 

in which only 14^ per cent, of mud, &c., was found, is from 

a road made of copper slag, on a foundation of furnace cinders, 

and covered with a binding of red ashes. This piece of road 

was constructed under the author's directions, two years and 

a quarter before the sample was taken; and as No. 11, which 

is also of copper slag, but an pld road, contains 20 per cent, of 

mud or small stuff, it may be presumed that the new road will 

ultimately reach a proportion not different from the rest. 

It appears from the author's examinations that, whether the 

road be a strong good road 7 or 8 inches thick, a thin worn 

coating over a pitched foundation, a road reduced to 1 J inch to 

2 inches of limestone on a clay subsoil, a road from its situation 

requiring a great deal of scraping, or one requiring very little, 

and whatever may be the material, or the traflBc, the proportion 

of mud, &c., which can be washed out, and which forms the 

binding material, is about the same. For this to be the case, 

it is no doubt necessary that the mud should be constantly 

removed as soon as it is formed and appears on the surface, 

otherwise the proportion would be far higher in many roads. 

As an instance of this, the analysis by Mr. Joseph Mitchell of 

the crust of the road in the Mall, St. James's Park,* may be 

cited, which shows as much as 40| per cent, of mud, 9 per 

cent, of sand and stones up to -^ inch in size, 24^ per cent. 

of stones between -^ inch and J inch, and only 26 per cent, of 

stones over J inch diameter. 

An examination of the scrapings removed from the lime- 
stone roads from which samples 5, 6, and 7 were taken, proved 
that about two-thirds consisted of mud, &c., which would wash 
out through a cheese-cloth having twenty threads to an inch, 
the remaining third being grit of about the size of small shot, 
and up to J inch in diameter, and it appeared that of the 
whole body of the road about one-third consisted of mud and 
* grit of the same composition as the scrapings. 

When in the condition of a stiff mud, such scrapings consist 
of about 70 per cent, by bulk of dry detritus, and 30 per cent, of 

• New Mode of Constructing the Surface of St)Teet»^\). 15. 
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water, and these proportions are the same when the road 
material is silicions. Water to the extent of 30 per cent, adds 
nothing to the volume of the dry detritus, but a greater propor- 
tion increases the bulk and renders the mud more or less liquid. 
The large proportion thus found to exist in the coatings of 
the best roads, of small stuff which only requires water to 
make it mud, shows the strong necessity for keeping roads dry, 
and this necessity must be the greater as the proportion of 
detritus is allowed to increase in the road beyond the amoimt 
absolutely necessary to fill the voids between stones closely 
wedged together. In the latter case an excess of moisture wiU 
destroy all coherence in the binding material, by which alone 
motion among the stones in the road-coating is prevented. 
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CHAPTEE V. 

DRAUGHT. WHEELS, AND WEIGHTS ON THEM. 

Draught. 

The resistance of wheeled vehicles to traction is made up of two 
parts, the friction of the wheel on its axle and the rolling and 
rubbing resistance between the wheel tire and the surface of 
the road. The former has nothing to do with the road, and 
may be passed by with the remark that it is nearly the same 
at all velocities, and is, in wheels of ordinary construction and 
proportions, equal to yj^ to yj^ of the weight on the axle, or 
17 to 22 lbs. to a ton of load. The resistance between the 
tire of a cylindrical wheel and the road depends on the rough- 
ness of the surface and its compressibility. K the roughness 
of the surface be considered as small obstacles in the path of 
the wheel, the force necessary to overcome them can be shown 
to be nearly in the inverse proportion to the square root of the 
diameter of the wheel. 

Edgeworth,* and others after him, considered that the 
resistance from compressibility of the surface under the wheel 
was of the same character, and that the whole resistance 
between the tire and the road was in the inverse proportion to 
the square root of the diameter of the wheel. This view was 
strongly maintained by Dupuit, in opposition to Morin, whose 
experiments led him to the conclusion that the resistance to 
rolling varies inversely as the diameter. The difference be- 
tween these two ratios is very great. If the draught increases 
inversely as the diameter, it would be reduced to one-half by 
doubling the diameter of the wheel, while, if it increases only in 
inverse proportion to the square root of the diameter, the same 

* Roads and Carriages, 1817, p. 48. 
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result would only be attained by making the diameter of the 
wheel four times as great. 

From experiments made at the Eoyal Agricultural Show at 
Bedford in 1874, with Easton and Anderson's horse dynamo- 
meter, it appeared that 1 lb. of draught was expended on 
moving every 35-1 lbs. of weight resting on the fore-wheels of a 
waggon, 3 feet 5 inches diameter, as compared with 58*7 lbs. 
on the hind- wheels, of 5 feet diameter.* This gives an increase 
of draught in rather a greater ratio than inversely as the 
diameter, and is consequently even more favourable to large 
wheels than Morin's proportion. 

Other experimenters have arrived at results giving inter- 
mediate ratios, and it is natural to suppose that on different 
roads there may be influences by which the total resistance 
may be modified in either direction. At any rate, there is no 
doubt that large wheels are favourable to draught, and cause 
less wear of the road. 

Both Dupuit and Morin considered that the width of the 
wheel tire had only an unimportant influence on the draught of 
vehicles. Dupuit concluded that on even surfaces, whether soft 
or hard, the resistance to draught was independent of the width 
of tire. Morin's experiments showed that on solid macadamised 
roads in a good state of repair, the resistance to rolling was 
almost independent of the width of tire, while on compressible 
surfaces, such as earth, sand, or gravel, it decreased as the tire 
was wider, in a proportion depending on the nature of the 
ground. On rough uneven surfaces, such as a stony road, 
Dupuit considered that draught was lessened by wider tires, and 
Morin that tires 3 or 4 inches wide had an advantage, but that 
beyond that width the resistance to draught was nearly inde- 
pendent of the width of the tire. Experiments by other 
observers show that on a gravel road in good order, there is no 
sensible difference in the traction, whether the tires are narrow, 
or nearly 4 inches wide, but that the latter have an advantage 
on an earth road, or on clay soil. 

The resistance due to gravity on inclined roads must of 
course be allowed for in all considerations of draught. It is very 

• Journal of Royal Agricultural Society, 1874, p. 683. 
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nearly equal to the gross load divided by the rate of gradient, 
thus, on a gradient of 1 in 20 the increase of draught due to 
gravity will be ^ of the gross weight of the vehicle and its 
load. 

All observers agree that the draught is less as the road is 
smoother, harder, more solid, and less compressible or flexible 
under the load. There is not sufficient elasticity in the coating 
of a road to give back to a wheel from behind the force expended 
in compressing or pushing down the surface before it. On a 
yielding road the wheel is thus always in a hollow which it 
never gets out of, and the horses are always drawing up hill. 
With respect to excessive draught arising from irregularity of 
the surface, Morin says* that experiments with the same 
^v^aggon running over various parts of the same road, maintained 
with the same materials, in the driest season of the year, showed 
that, while upon portions in good condition the tractive force 
exerted was from ^ to ^ of the load, on parts badly main- 
tained, having ruts and hollows, it rose to ^ and ^ ; that is 
to say, that three horses would be required on the badly main- 
tained road to do the work of two on the well-maintained road. 

The results of two series of experiments made by Morin on 
macadamised roads in good condition, maintained with sUicious 
pebbles and limestone, gave a mean draught of ^.j and ^.^ of 
the gross load. On some parts in a perfect state the draught 
was as little as ^. The waggon employed had fore- wheels 
2 feet 11 inches and hind- wheels 4 feet 7^ inches in diameter, 
with tires 4 inches wide, and was loaded with about 5^ tons. 
The trials were made in the end of summer, when the roads 
were in their best condition, and the draught is the actual 
tractive force employed, including of course the axle friction. 

The proportion of draught to load with large wheels is stated 
by other observers to be from ^ to ^ on a dry and level mac- 
adamised road in first-rate condition, increasing to -^ or ^ 
when the road is covered with mud and loose stones, and to 
^ or even more on freshly laid unconsolidated stones. 

The trials at the Eoyal Agricultural Show at Bedford in 1874 
gave the average draught of single horse carts having wheels 

* M^nique Pratique, p. 349. 
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4 feet 6 inches to 5 feet 2 inches in diameter, and tires 3J 
inches and 4 inches wide, loaded to about 30 cwt., as about ^ 
9f the gross load on a level macadamised road at t walking pace. 
With other carts, having wheels 4 feet 9 inches to 5 feet 1 inch 
in diameter, and tires 4 inches and 4^ inches wide, and a gross 
load of 41 to 45 cwt., the draught was on the average ^ of the 
gross load under the same circumstances. With waggons having 
fore- wheels 3 feet 4 inches to 3 feet 5 inches in diameter, and 
hind- wheels 4 feet 9 inches to 5 feet 1 J inch in diameter, tires 
2i inches to 4^ inches wide, and a total weight of 61| to 
103 cwt., the average draught was ^ of the gross load. 

The draught is less with carts than with waggons, because in 
carts the whole load rests on large wheels, whereas in wagons, 
one-third or more of the load rests upon the fore-wheels of 
smaller diameter. 

These trials may be assumed to have been made with 
vehicles in the best possible condition to give favourable results. 

The tractive force required on every part of the road between 
London and Shrewsbury was measured by Sir J. Macneill with 
an instrument devised by him for the purpose. The results are 
recorded in elaborate tables,* which give the force exerted to 
draw a common four-wheeled waggon, empty, weighing about 
21 cwt., during dry weather in March, at about 2^ miles per 
hour. A correction is applied to the draught actually shown 
by the instrument, to give the tractive force on a horizontal 
road. The general results of the experiments, as given by 
Telford,t are as follows : — 

Draught on a well-made pavement 83 lbs. = Vr 

„ ,, broken stone surface on old flint road .. 66 „ = -yV 

„ „ gravel road 147 „ = -^ 

,, ,, broken stone road upon a rough pavement 

foundation 46 „ ~ -g^ 

J, ,, broken stone surface on a bottoming of 

concrete 46 „ = -^ 

These results have been often quoted, but it does not appear 
in what way they were deduced from the recorded observations. 
They can only be looked upon as averages from which many of 

* Appendix to 7th Beport of the Holyhead Road ConmuBsioners, 1830. 
t 7th Report, &c., p. 13. 
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the observations differ widely, and without apparent cause. 
According to these figures, the draught on a broken stone road 
over a paved foundation or over a bottoming of concrete was ^, 
and on a broken stone surface on an old flint road ^ of the 
load drawn, while on a gravel road it rose to ■^, 

With respect to the traction on roads of different materials. 
Sir J. Macneill states* that he found from his experiments that 
granite gave the best road surface in wet and limestone in dry 
weather, while gravel was always very imperfect. 

The effect of springs in reducing draught is that they enable 
the wheels to rise and fall over inequalities of the road, while 
the load on them moves forward without being sensibly raised. 
The more perfect the elasticity of the springs is in a vertical 
direction, the greater is the reduction of draught, but any elas- 
ticity in the direction of the traction tends to increase the draught. 
The good effect of springs is much greater at high than at low 
velocities. Morin considered that at a walking pace the resist- 
ance was the same for vehicles with or without springs on 
roads of all sorts. The trials at Bedford before alluded to gave 
10 lbs. per ton less draught with a spring waggon, compared 
with one without springs, on a hard road, and the difference 
was also noticeable, though in a much less degree, on arable 
land. 

The general conclusions arrived at by Morin from his expe- 
riments on draught are as follows.t 

The resistance to rolling of vehicles on solid metalled roads 
and pavements is proportional to the weight and inversely pro- 
portional to the diameter of the wheels. 

On solid roads the resistance is very nearly independent of 
the width of the tires when it exceeds 3 to 4 inches, but on 
compressible surfaces it decreases in proportion to the width of 
the tire. 

The resistance increases with velocity on hard roads, but is 
independent of velocity on soft surfaces. 

Springs diminish resistance at high speeds, but not at slow 
speeds. 

* Evidence, Committee on Turnpike Roads, 7833, p. 128. 
t Experiences but le Tirage des Voitures, p. 187. 
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JTheels, and Weights <m them. 

The regulation of the form and construction of wheels 
been the subject of l^islation ever since the b^inning of tb 
century. In this country one of the early results was to brin^,-** 
into use an excessively bioad conical wheel with a tire con- 
siderably rounded or barrelled, and often with a middle tire 
projecting so fer beyond the others that it constituted the wheel 
on a hard road, and which was on the whole about the worsl 
form of wheel that could have been devised. The rounding ol 
the tire and the projecting bands were of course adopted to 
the semblance of a broad wheel without the reality, but to some 
extent they were attended with advantaga A conical wheel 
can only be made to travel in a straight course by a constant 
twisting action at the surface of the road, and the wider the 
bearing surface of the tire, the greater the grinding and dislo- 
cating of the materials must be, and wheels 12 and 16 inches 
wide bearing fairly over their entire width would have been 
worse for the roads, as well as for the horses. A cylindrical 
wheel, haviQg a tire bearing flatly on the ground, and of the 
same diameter on each side of the wheel, which would roll 
fairly on the road, was strongly advocated, and on some turnpike 
trusts was encouraged by lower tolls. The conical or dished 
wheel has, however, practical advantages which have kept it in 
general use, and cylindrical wheels are still the exception. The 
inclined spokes of the dished wheel give it strength to resist 
lateral shocks, and afford greater room for the body of the 
vehicle, and the objections to the conical form diminish with 
the breadth of the wheel. When the tire is flat, or only slightly 
rounded, and with the nails entirely countersunk, there is little 
to be said against the dished wheels of the moderate breadth at 
present in use. 

The General Turnpike Act (1823) (3 Geo. IV. cap. 126), 
regulated the weights to be allowed to waggons, carts, &c., 
haviQg wheels of the breadth of 9 inches, 6 inches, 4J inches, 
and under 4^ inches, in winter and in summer, according to the 
following table : — 
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Description of Vehicles. 


Weight of Carriage, 
and Loading. 


Pressure per Inch of 
Width of Tire. 


Summer. 


Winter. 


Snmmer. 


Winter. 


Waggon with 9-inch wheels 

Cart „ „ 

Waggon with 6-mch wheels 

Cart „ „ 

Waggon with 4 J-inch wheels 

Cart „ „ 

Waggon with wheels less than 4^ inches. 
Cart „ „ 


Tons cwt. 
6 10 

3 10 

4 15 

3 

4 6 
2 12 
8 15 
1 15 


Tons cwt. 
6 

3 

4 5 

2 15 

3 15 

2 7 

3 5 
1 10 


Cwt. 
8-6 

3-9 

4-0 

6-0 

4-7 

6-8 

11/7-6 


Cwt. 
3-3 

3-3 

3-5 

4-6 

4-1 

5-2 

6-5 

6-0 



Additional toll was chargeable for overweight above these 
weights, and the use of broad tires was encouraged by rendering 
vehicles with wheels of less breadth than 4^ inches chargeable 
with one-half more toll than those with 6-inch wheels, and those 
with wheels of 4J inches breadth and less than 6 inches with 
one-fourth more toll than those having 6-inch wheels. A 
vehicle having upright cylindrical wheels, with the nails 
countersunk, was charged two-thirds the toll otherwise payable. 
These regulations did not extend to coaches and carriages, and 
applied only where the Turnpike Acts were in force. They were 
repealed in South Wales in 1844, and the width of wheels was 
subject to no restrictions. 

It will be observed from the above table of weights that all 
wheels of less width than 4^ inches were treated alike, so that a 
cart or waggon having wheels 2^ inches wide could carry as 
heavy a load as one with wheels 4^ inches wide, and that the 
pressure per inch of width is far greater on these narrow tires 
than with wheels 4i inches wide and upwards. Increased tolls 
on narrow wheels did not prevent their use, nor the carrying of 
heavy loads on them, and as tolls were abolished they became 
more general, and it seemed unlikely that fresh regulations 
would take the place of those expiring with the Turnpike Acts. 
The Highways and Locomotives Act of 1878, however, gave 
power to the County Authorities to make bye-lawa le^xsiaXAxv^ 
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the Tvidth of wheels in proportion to the weight carried, and the 
power has been generally exercised. Usually the weights allowed 
by the General Turnpike Act have been followed with some 
modification, and sometimes with additions to provide for 
heavier loads, or to restrict the weights to be carried on wheels 
of a less width than 4J inches. It is doubtful, as will be shown 
further on, whether there is any advantage in limiting the 
loads to be carried on wheels of 4 J inches and upwards, and while 
it is certain that narrow wheels with heavy loads cause the 
greatest damage to roads, it is difficult to enforce bye-laws 
against them and to put new restrictions on existing vehicles. 

The following average weights of coaches and waggons, with 
the load on each wheel, and the pressure per inch of width of 
tire, were given by Sir J. Macneill in 1831 : — * 



Descrlptioii of Vehicles. 



Mail-coach , 
Stage-coach , 
Van .. . 
Waggon 

19 
it 



Weight on 
the Average. 



Tons. 
2 

6 
H 



Breadth of 
WheeL 



Incheei 
2i 

2 

2i 
9 
6 
4 



Pressure of 
each Wheel. 



Cwt 
10 

12-5 

21-26 

30-0 

22-5 

17-5 



Preflsnreon 
each Inch 
of Breadth. 



Cwt. 
4-40 

6-25 

8-29 

3-33 

3-75 

4-37 



To which may be added the particulars given on the following 
page, of some of the heaviest loads that now usually come upon 
roads. 

It will be observed that the pressure per inch of tire is 
much greater in the case of heavy vans and waggons with 
narrow wheels than in the case of traction engines and trucks 
with wide tires, and it must be remembered that the eflfect of 
wear is to round the edges of tires, so that the pressure on the 
narrow tires is generally greater than the tables show. 

The pressure per inch of width of tire cannot, however, always 
be taken as a fair measure of the load on a road ; a good deal 



♦ Evidence, Committee on Steam Carriages, p. 96. 
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will depend upon the sort of road. A strong hard road, on a 
good foundation, may bear a considerable load on narrow tires 
without perceptible damage being produced, while a more yield- 
ing road will break down under a traction engine, although the 
pressure per inch of tire is far less. 



Description of Yebicles. 



Cart : iveight 10 cwt., load 32 cwt 

Cart : weight 10 cwt., load 35 cwt 

Pickford's w&ggon : weight 1 ton 1 cwt., 
load 2 tons 

Pickford's waggon : weight 1 ton 7} cwt.. 
load 3 tons 

Railway van : weight 1 J ton, load 3} tons . . 

Waggon : weight 1| tons, load 5 tons 

Waggon: 

Weight empty 21 cwt. j 

„ when loaded, on fore wheels, 46 „ > 
„ „ „hind „ 56 n j 

Total .. 102 „ 

11 -ton traction engine, weighing 12 tons 
with coal, water, &c., two-thirds weight 
on driving wheels 

8-ton traction engine, weighing 9 tons with 
coal, water, &c., two-thirds weight on 
driving wheels 

Waggon for steam traction : weight 1 ton 
10 cwt., load 6 tons 

Waggon for steam traction : weight 1 ton 
8 cwt., load 4 tons 

Waggon for steam traction : weight 1 ton 5 
cwt., load 3 tons 

15-ton steam road roller 



Breadth of 
Tire. 



Inchps. 
4 

2i 



Load on 
Wheel. 



2h 
3 

3} 



Cwt. 
21-0 

22-5 



15-25 

21-87 

25-0 

32-5 

28-0 



Load per 

Inch of Width 

of Tire. 



18 

16 

8 

6 

4. 
20-24 



80-0 

60-0 

37-5 

27-0 

21-25 
75-0 



Cwt. 
5-25 

9-0 

7-62 

8-75 
8-33 
8-66 

7-0 



4-44 

3-75 

4»69 

4-5 

5-31 
3-12-3-75 



The crushing action of heavy loads on narrow tires is of 
course severe at the surface of the road, and such as only the 
strongest materials can withstand. Sir James McAdam, speak- 
ing from experience of the Metropolis roads, considered that 
2 tons was the maximum load that should be allowed on any 
one wheel 4i inches broad, which gives a pressure of nearly 

F 2 
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9 cwt. per inch of width. For the generality of roads this is 
undoubtedly too much. Telford was of opinion that the weight 
should not exceed a ton upon each wheel * and Sir J. Macneill, 
taking the road from London to Shrewsbury as a criterion to 
judge by, considered that a wheel ought to be an inch in 
width for every ton that a carriage and its load would weigh, 
thus giving 1 inch of tire for every 5 cwt. of load on the 
wheeLt 

The diameter of the wheel, as influencing the pressure on 
the road, may be left out of account for wheels of common size, 
on ordinary road surfaces. It is, however, necessary to consider 
the causes of wear of materials in roads before proceeding further 
with this subject. 

♦ Evidence, Committee on Highways, 1819. 

t Evidence, Committee on Steam Carriages, 1831, p. 95. 
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CHAPTEE VI. 

WEAR. 

The wear of material in roads is due to two causes, the traffic 
and the weather, which react on each other, so that it is not 
easy to distinguish their effects. Sir J. Macneill, who as 
resident engineer under Telford, on the London and Holyhead 
and Liverpool roads, had considerable experience of road 
maintenance, estimated* that, of the total wear, 80 per cent, on 
the average was due to the traffic, and 20 per cent, to atmo- 
spheric causes, and of the 80 per cent, due to the traffic, 60 per 
cent, was due to the wear of the feet of the horses drawing and 
20 per cent, to the wheels in the case of fast coaches, and 
44J per cent, to the horses' feet, and 35^ per cent, to the wheels 
in the case of waggons. Telford and Sir J. McAdam f both 
agreed with Sir J. Macneill that the injury done to a road by the 
feet of the horses drawing was greater than that from the wheels^ 
since the former tore up the surface, and displaced the materials, 
while the crushing and grinding action of the latter was com- 
paratively small on a hard smooth road. With fast coach 
traffic on a strong road no doubt this was true, but it is 
otherwise when heavy loads travel on a comparatively weak 
road. 

The wear from horses' feet will of course be increased by 
anything which increases the draught, such as unevenness of 
surface, or a yielding road. 

Sir J. Macneill considered that the wear due to atmospheric 
causes might be less than 10 per cent, of the total wear on a 
properly made road, in an open situation, and might be more 
than 30 per cent, on a weak road, on a clay subsoil, and shaded 
by trees. The grounds on which the estimates/of the wear from 

* Evidence, Select Committee on Steam Carriages, 3^831. f Ibid. 

/ 
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atmospheric causes were based are not stated. The relate 
wear to the road from horses' feet, and from wheels, was deducec 
from the wear of iron in the horses' shoes and in the wheel tires 
The total wear as well as the relative proportions caused h] 
the traffic and by the weather are influenced by the nature oz-^ 
the materials, the subsoil, drainage, situation, strength of th^^ 
road, the care with which it is maintained, the traffic, and other* 
circumstances which may vary almost from yard to yard. Any^ 
general estimate, therefore, by however good an authority, must' 
not be considered as even approximately true for any particular 
case, and there are sometimes wider differences in the proportion 
of wear due to traffic and weather than the above. 

The passage of vehicles over a road produces several effects, 
which it is important to distinguish. There is, first, the grind- 
ing and crushing action of the wheels and horses' feet on the 
surface, and there is, secondly, the effect of the load in giving 
rise to bending and cross-breaking strains throughout the 
whole thickness of the road-coating. When the materials are 
loose and unconsolidated, either because they are freshly laid, 
or from having been disintegrated, there is a third action, 
namely, a displacement of them by the wheels and horses' feet, 
accompanied by a rubbing together of the stones among them- 
selves. This is the cause of great wear and waste of materials 
laid in thick coats. 

On a thick strong consolidated road, or on one of less thick- 
ness on a hard foundation, the bending and cross-breaking 
tendency of the load produces no sensible effect; there is no 
movement in the body of the road, and the wear is confined to 
the grinding and crushing of the materials at the surface. This 
is the most favourable condition under which road materials 
can be subjected to wear, and it rarely occurs without the 
addition to some extent of the third-named effect, namely, a 
movement and rubbing among the materials, extending to the 
small depth to which the wheels affect the surface. In propor- 
tion, however, as it is confined to the surface and approximates 
in character to that on a paved roadway will the wear be small 
and gradual. 

A good limestone road, strong enough for the traffic it has 
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to cany, sometimes affords an mstrance of wear confined to the 
surface, even on a yielding subsoil. Tlie cementing nature of 
the limestone detritus gives tlie cnist enough transverse strength 
to resist bending and cross-breaking under the loads to which it 
ia exposed, and it may be compared to thick ice bearing heavy 
weights on water. It is possible that the case of the limestone 
road over the moraas referred to by McAdam," on which the 
wear was small, may be thus explained, and that, although the 
subsoil was a bog, the coating was so strong that there was no 
cross-breaking or bending, nor any wear except at the surface of 
the road. Cases have come under the author's observation 
where the cohesive strength of a hmestone coating has enabled 
it to carry the ordinary trafle on a wet undrained subsoil with- 
out excessive wear, tmtil bending and cross-breaking was set up 
by heavier loads or some imfavourable circumstance. When 
this happened, the break-up was serious, and was due to the 
badness of the subsoil aa much as to the thinness of the coating. 
The latter would have been thick enough on a dry subsoil, and a 
thicker coating would have saved the road from damage on a soft 
subsoil. 

Ou a weak road, such aa one of insufficient thickness or 
cohesion on a yielding foundation, bending and cross-breaking 
produce the effects which were accurately described by Sir J. 
Macneill: "K the road be weak or elastic and bend or yield 
under the pressure of the wheels, the particles of which it ia 
composed will move and rub against each other, or perhaps 
break by the action of the heavy wheels over them."t It is by 
a process of this sort that a very large proportion of the wear of 
roads is occasioned. In consecLuenee of want of drainage, or of 
insufficient strength on a bad bottom, continual bending and 
croBS-breaking goes on under passing loads. The wear of materials 
thus caused takes place throughout the whole thickness of the 
road-coating, and ia of course all in addition to the surface wear. 
It ia aggravated by the softening action of the water which finds 
ita way through the cracks which must attend bending in the 
road-coating, and the displacement of materials at the surface 
. by the wheels and hoi-sea' feet is much greater than on a strong 
t Evidence, Sulect Committee on Steam Caniagos, 183], \i. B7. 
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road. Stones are forced down into the subsoil, and the latter 
rises up and becomes mixed with the metalling, so that it is 
sometimes difficult to make out where the road-coating ends 
and the subsoil begins. 

Such a road can only be kept in tolerable order by an exces- 
sive outlay for maintenance, which would be avoided, and money 
in the end be saved, if the wear were lessened by proper drain- 
age of the subsoil, and by giving the road-coating sufficient 
thickness to carry the traffic. Macneill says that " where an 
accurate experiment was made, the wear was found to be 4 inches 
of hard stone where it was placed on a wet clay bottom, while 
it was not more than half an inch on a solid dry foundation, or 
with a pavement bottom on a part of the same road where it 
was subject to the same traffic,"* and instances might be given 
where the quantity of materials required to keep a piece of 
road in order has been reduced to one-third or even less by 
drainage alone. 

On roads of all sorts a reserve of strength, in the shape of a 
greater thickness of materials than is absolutely necessary, is 
always very desirable. The wear is less under the same traffic 
on a stronger road, which is better able to stand heavier traffic 
should it come upon it, or to bear a reduction in the quantity of 
materials to be laid should it be necessary to make it. 

Surface Wear. 

When a wheel meets with an obstacle in passing along a 
road, the force necessary to overcome the resistance to the for- 
ward motion of the wheel may be resolved into a pressure acting 
vertically tending to compress the obstacle into the road, and 
a force parallel to the surface tending to push forward the 
obstacle in the path of the wheel. The latter force is the greater 
in proportion as the diameter of the wheel is smaller ; it tends 
to disintegrate the road-coating, and is far more destructive than 
the vertical pressure, or than the greater impression which 
smaller wheels make. Morin points out f that a simple experi- 

* Evidence, Committee on Steam Carriages, 1831, p. 97. 
t Mccauiqiie Pratique, p. 355. 
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ment will confirm this. If one takes stones about 3 inches in 
diameter^ and puts them on a somewhat wet and soft road 
before the wheels of a vehicle, they will be* pushed forward by 
the small fore-wheels, and plough up the surface of the road, 
while the large wheels will press them down, and generally 
pass over without displacing them. The greater disintegrating 
eflfect of small wheels holds good equally when the obstacle is a 
compressible surface. 

Morin's investigations on draught haying established a con- 
nection between the tractive force exercised and the destructive 
eflfects produced, a series of experiments having more especial 
reference to the wear caused by vehicles to macadamised roads 
was imdertaken by him.* Vehicles in other respects the same, 
but with diameters of wheels, breadth of tires, or load, different 
in different experiments, were made to pass and repass over the 
same tracks, which Were sometimes kept watered to accelerate 
the wear. The state of the tracks or ruts produced by the 
wheels was carefully examined and compared from time to time. 
The roads experimented on were nearly level, about 13 inches 
thick, of a silicious gravel, in good condition, without hoUows or 
ruts or newly laid materials. The loaded vehicles represented 
traffic of a heavy nature, but the roads were so strong that the 
wear may be assumed to have been limited to the surface. 

The eflfect of the diameter of the wheels on their destructive 
eflfects on roads was shown by experiments with three vehicles 
loaded with equal weights of 4 tons 17 cwt. each, having wheels 
4*6 inches wide in the tire, but with diameters 2 feet 10 J inches, 
4 feet 9 inches, and 6 feet 8 inches respectively. After 980 tons 
had been transported, the tracks of the smallest wheels had deep 
ruts of unequal depth, the next size well-marked ruts almost as 
deep, while there was only a slight trace of the passage of the 
large wheels of 6 feet 8 inches diameter. The road was 1 foot 
2 inches thick, and was watered freely. 

The eflfects of the width of the wheel tires on the road were 
shown in the same series of experiments. Three similar 
vehicles with four wheels of the same diameter, having cylin- 
drical tires of 2*4 inches, 4*6 inches, and 7 inches respectively, 

* Exp^riciiccii sur Ic Tirage dcsi VoiturctJ. 
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were equaUy loaded to 5 tons 8f cwt. After the vehicles had 
made a number of passages equivalent to the transportation of 
about 5300 tons, it was found that the track of the vehicles 
with 2* 4-inch tires presented deep ruts, and was too bad for 
further experiment. The passages of the vehicles with 4 • 6-inch 
and 7-inch tires were continued until the weight transported 
equalled about 8200 tons, when it was found that there was no 
difference between the conditions of the two tracks, but both 
were less worn than that of the 2 •4-inch tires, after transport- 
ing 5300 tons. Thus it appeared that on a strong gravel road a 
load of nearly 5 J tons on four wheels did much more damage 
with 2 •4-inch tires than with 4* 6-inch tires, but that there was 
little or no advantage to thia road in having tires beyond the 
latter width. Some of the stones of which the road was made 
up took nearly all the bearing, and the weight was not dis- 
tributed equally over a wide tire. This result entirely confirmed 
the opinion given by Sir J. McAdam* some years before, that no 
increase of breadth of tire above 4^ inches is useful, as a greater 
width cannot at one time touch the surface of a well-formed road. 

The transport of 8200 tons on 4-6-inch tires did less 
damage than 5300 tons on 2 •4-inch tires, the loads in each case 
being 5 tons 8§ cwt., so that, speaking roughly, the narrower 
tires caused double the wear to the road. This is quite in accord- 
ance with the experience of the excessive wear caused by heavy 
loads on narrow tires. 

A load of 5 tons 8§ cwt. on four wheels having 2 •4-inch 
tires gives a pressure of 11 J cwt. on each inch width of tire, 
which exceeds by 2^ cwt. per inch that on the wheel of a Pick- 
ford waggon with 2i-inch tires loaded with 3 tons. With loads 
not so excessive, although narrow wheels may appear to do no 
more harm to a hard road than wider ones with the same weight, 
a close examination of the surface will show that more crushing 
has taken place. On the 4 • 6-inch tires the pressure was at the 
rate of rather less than 6 cwt. per inch of width, still a heavy 
load, and exceeding by nearly one-fifth the 5 cwt. per inch 
which Sir J. Macneill considered should be the maximum load 
for the generality of roads ; nevertheless, the greater width of 

* Evidence before Select Committee on Steam Carriages, 1831. 
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tire, 7 inches, reducing the pressure to less than 4 cwt. per 

inch of width, did not appear to be of any advantage to the road. 

On a weaker road, the greatest useful width of tire would 

have been found to have been more than 4' 6 inches. Instead 

of the weight being borne, as on a hard road, on a few points, it 

would have been more equally distributed over the whole tire. 

Ifevertheless, as will be shown farther on, the advantages of a 

wide tire to carry a heavy load on a soft and yielding road are 

not 80 great as might be supposed. 

The wear residting from the transport of a given weight was 
found to be diminished by dividing it on two or more pairs of 
wheels. About 6900 tons transported in loads of about 36 cwt. 
on four wheels having 2 •4-inch tires, equal to 3| cwt. per inch 
of ^width, produced less wear than when transported in loads of 
8 tons on four wheels having 6 * 6-inch tires, equal to 2 tons on 
a w-laeel, and nearly 6 cwt. per inch of width. The same weight 
traxiaported in loads of about 5 tons on two wheels having 6 • 6- 
inelx tires, equal to 2 J tons on a wheel, and upwards of 7^ cwt, 
per inch, caused greater wear to the road than in either of the 
preceding cases. 

"When three similar vehicles were loaded with weights pro- 
Poi*tioned to the breadth of tire, equal to nearly 5 c\H. per inch 
^f>JVidth, and amounting to about 2*4, 4*5, and 6*9 tons respec- 
tive ^ly, it was found that the heavier loads on the wider tires 
^^^^ more damaging to the road than the lighter load on 2*4- 
^^li tires, which made 3107 passages — equal to about 7370 tons 
^f^i:isported — ^without producing any trace on the road, while the 
lo^d of 6 • 9 tons on the 7-inch tires caused far more damage 
tli^Xi the 4'5-tons on the 4 •6-inch tires. A slight trace without 
^Pl>arent disintegration was produced by the transport of 7878 
^^^Q in 4* 5-ton loads on the 4 •6-inch tires, while the transport 
^f 6924 tons in 6 •9-ton loads on 7-inch tires produced well- 
mexx'ked ruts, the bottoms of which were completely disin- 
^^S>^ated for a thickness of several centimetres. The draught of 
th^ vehicle with 7-inch tires and 6*9 tons load was found to 
ii^cirease with the number of passages nmch more rapidly than 
that of the other two. The draught increased also, but in less 
Proportion, with the 4 • 6-inch tires, while with the vehicle with 
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tires 2*4 inches wide it remained the same. The road was 14 
inches and upwards thick, and if it had been thinner and weaker 
the comparison would no doubt have been still more unfavour- 
able to the heavier loads on wider wheels. 

Springs were found to diminish the wear of roads, more 
especially at speeds beyond a walking pace. Vehicles on springs 
going at a trot were found not to cause more wear than vehicles 
without springs at a walk, all other circumstances being the 
same. The concussions arising from irregularities of surface 
aflect the road as well as the vehicle, and though springs to a 
considerable extent neutralise concussions, from the way in 
which they are fixed, they do so much more effectually in a 
vertical direction than in that parallel to the surface of the road, 
and it is in the latter direction that concussions are more de- 
structive to the road-coating. Smoothness of surface, even with 
springed vehicles, conduces greatly, therefore, to diminish the 
wear from passing wheels, as well as that from horses' feet in 
consequence of the lessened draught. 

Wear from Bending and Cross-lreakin^, 

When bending or cross-breaking takes place, there must be a 
yielding of the subsoil, as well as of the road-coating, under the 
passing load. The subsoU has always eventually to support the 
load, and its ability to do so depends on its nature and condi- 
tion, which can be much influenced by drainage, and on the area 
over which the load is distributed. The latter depends chiefly 
on the thickness, but also to some extent on the cohesive strength 
of the road covering by which the weight is transmitted from the 
surface to the subsoil. 

The weight on a loaded wheel, supported on the small part 
of the road surface in contact with the tire, is distributed over 
an area which increases with the depth below the surface, and in 
such a manner that the pressure on the subsoil is greatest beneath 
the wheel, and diminishes towards the outside of the area affected 
by the load. If the subsoU yields, the road-coating yields with 
it to a certain extent without visible cracking, but it ultimately 
breaks under the shearing and cross-breaking strains to which 
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it is exposed. The road is forced upwards round the depression 
caused by the loaded wheel, and as the latter moves forward, an 
undulation of the surface in advance of the wheel may be 
observed, accompanied by cross-breaking of the road-coating. 
Along the sides of the hollow track left by the passage of the 
wheel the elevations of the surface remain as low ridges in 
which cracks are visible which can be traced towards the subsoil 
by cutting into the road. 

These effects may be watched during the passage of a heavy 
load over a weak road, but to illustrate further the manner in 
which a road on a weak bottom gives way under excessive loads, 
the effects have been reproduced on a small scale by the author 
with model wheels on a model road-coating composed of parti- 
ally set plaster on a subsoil of soft tempered clay. The models 
were one-eighth of real size, but in giving the results it will be 
convenient to speak of the full size intended to be represented. 
Thus the wheels represented were, one 34 inches in diameter 
with a rounded tire If inch wide, and others from 33 to 60 
inches in diameter with cylindrical tires 3^, 5J, and 6 inches 
wide. The road-coatings represented varied from 2 inches to 
4^ inches in thickness, and were of different degrees of cohesive 
strength and hardness. 

When a wheel at rest was loaded until the road-coating 
began to crack, there was a bulging out of the underside in a 
roughly shaped oval, and a depression of the subsoil, which 
beneath the wheel was nearly equal to the depth to wliich the 
wheel sank in the surface, and which was surrounded by an 
elevation of both subsoil and road surface. On making sections, 
it appeared that, besides smaller cracks, there were two pairs of 
principal cracks, originating at the edges of the tire, one pair 
approximately vertical, and another pair spreading outwards at 
an angle of 35° to 55° towards the sides of the bulged part of the 
road-coating. With an increased load the latter cracks extended 
at about the same angle to the margin of the bulge round the 
ends of the oval, and an irregularly shaped truncated cone was 
separated from the rest of the road-coating. The area of the 
base of the conical piece thus, as it were, punched out may be 
taken to be that on which the load was ultimately supported by 
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the subsoil, and its shape and size was apparently influenced in 
several ways. 

The width of the oval depended on the breadth of the tire, 
the angle at which the cracks spread outwards, and the thickness 
of the coating they had to traverse before reaching the subsoil. 

The length of the oval depended on the length of wheel tire 
in contact with the road, and on the angle of the cracks and the 
thickness of the coating. 

Thus the width, other things being the same, was determined 
by that of the tire, but the length was influenced by the size of 
the wheel, and also by the breadth of tire. A larger wheel, 
having a greater part of its circumference bearing on the road, 
and a narrower tire, by making a deeper and longer impression 
in the surface, both tended to make the oval longer. Thus a 
wheel 6 inches wide in the tire and 42 inches diameter ulti- 
mately rested on an oval area of subsoil 12 inches wide and 
16 inches long, containing 153 square inches; and a wheel of 
the same width of tire and 58 inches diameter, on an area 12 
inches wide and 18 inches long, containing 166 square inches ; 
the thickness of the road-coating being in each case about 3J 
inches. A pair of wheels 42 inches in diameter with the tire of 

m 

one wheel 3J inches wide, and of the other 6 inches, when 
equally loaded, were ultimately carried by a larger area of sub- 
soil under the narrow wheel than under the broader, in con- 
sequence of the deeper impression and longer oval made by the 
narrower wheel. The narrower rounded tire, when the surface 
was hard enough to prevent its cutting in, was often borne by 
a considerable area of subsoil, the cracks originating on the 
surface of the road around and quite clear of the impression 
made by the wheel. 

The influence of the thickness of the road-coating, in increas- 
ing the area of subsoil over which the load is distributed, 
becomes apparent if we consider that, if the cracks spread out- 
wards at an angle of 45°, which is an average inclination, an 
additional inch of thickness would give an additional inch all 
round the margin of the bulge and increase the areas above 
given for a thickness of 3^ inches by nearly one-third for a road- 
coating 4J inches thick. 
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When a heavily loaded wheel was made to roll forwards, the 
bulging of the underside of the road-coating moved forward also, 
and the cracks extending round the margin and meeting in 
advance of the wheel formed a succession of conical fractures, 
which were followed up by the more vertical cracks beneath the 
edges of the wheel tire ; and as the weight came on them, the 
conical pieces formed by the inclined curved crack in advance 
were successively broken off by transverse fractures. 

After the passage of a wheel, the surrounding portion of the 
road-coating could be removed, leaving a roughly shaped prism 
slightly embedded in the subsoil, its top being generally the 
wheel track, its base the subsoil, and its sides sloping outwards 
at an angle of 35® to 55°. It was divided by numerous longi- 
tudinal and transverse fractures, in some of which there was 
considerable dislocation and grinding together of the fragments, 
and in those cracks which opened downwards the subsoil rose 
and became mixed with the road material. 

The surface of the road alongside such a wheel track, even 
if apparently uninjured, would of course be undermined and 
weakened by the loss of support from the prism-shaped piece 
forced downwards under the wheel, and loads which the road 
could have borne before would be quite sufficient to cause 
farther damage. This is often proved by experience ; the single 
passage of a heavy load does apparently little harm, but repeated 
passages soon tell on a road. 

The way in which thickness of road-coating increases the 
area of subsoil over which the load on a wheel is distributed has 
been pointed out. It has of course also an important influence 
on the intensity of the pressure of the load on the subsoil which 
is independent of the width of the tire ; and other considerations 
tend to show that the weight per inch of width of tire affords no 
true measure of the pressure on the subsoil. Assume the weight 
on a tire 4 inches wide to be 5 cwt. per inch of width, and to be 
distributed over an oval 16 inches long and 10 inches wide, con- 
taining 138 square inches. By adding 2 inches of width to the 
tire, loaded as before with 5 cwt. per inch, the breadth only of 
the oval bearing on the subsoil will be effected, and it will be 
increased by 2 inches, and the area by 2 x 16 = 32 square 
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inches, or less than one-fourth, while the load on it would b^ 
30 cwt. instead of 20 cwt., or one-half greater. There is reason 
to suppose further that, when tires are loaded in proportion to 
their width, the pressure on the subsoil is greater immediately 
under the wheel with wider tires, though to what extent it is 
difficult to say.* Another most important point is that wide 
tires cannot bear uniformly on a road, and a large proportion of 
the whole weight on a wheel is borne on a small part of the 
surface and a proportionately small area of subsoiL 

When weak and yielding roads are concerned, it is the load 
on the subsoil, and not on the tire of the wheel at the surface 
of the road, that should be considered, and that depends far more 
on the total weight on the wheel than on the weight per inch of 
width of tire. 

It is plain both from experiment and observation that on 
roads of all descriptions it is the passage of heavy loads that 
causes the greatest injury, and that even on strong thick roads 
an increase of breadth of tire in proportion to the heavier load 
does not prevent a considerable increase of wear, while on weak, 
yielding roads an increased width compensates still less for an 
increased load on the wheel. 

The observed effects of heavy traction engines, and the trucks 
drawn by them, illustrate this. A reference to the tables of 
weights before given (p. 67) will show that the loads per inch 

* If a road-coating be supposed to be made up of smooth spheres of the same 
size, each sphere pressing equally on four spheres underneath it, it can be shown 
that the area over which a weight on the surface is distributed increases with the 
depth below the surface, the portion affected spreading out on all sides at an 
angle of 54° 44' with the horizon. The area over which the full surface pressure 
is borne decreases with the depth, at the same angle of 54° 44', so that at a depth 
from the surface of rather more than two-thirds of the width of the loaded area 
no part of the road-coating would sustain the full surface pressure ; and at a 
depth equal to a little more than 1-^ of the width of the loaded area of surface the 
pressure at the centre would not exceed three-quarters of that on the surface, and 
would diminish towards the edges of the area affected. 

Unequal-sized spheres under the conditions here supposed would somewhat 
modify the result, and the cohesive strength in a road-coating, and sinking of the 
subsoil, would also have some effect, but it appears probable from experiments 
that it is very much after this manner that the load is distributed through a road- 
coating to the subsoil. If so, when tires are loaded in proportion to their width, 

he depth to which the full surface pressure extends is about two-thirds of the 

ndth of the tire. 
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of width of tire in the case of traction engines and trucks are 
less than in the case of many waggons, carts, vans, and coaches, 
though the weight on the wheels of the former may be three or 
four times as great. Experience, however, shows that roads 
which are able to bear heavy coaches and waggons with 6 or 8 
cwt. of load per inch of tire, with no injury beyond some crush- 
ing of material at the surface, are squeezed out of shape and 
broken down by the heavy engines with far less weight per inch 
of width of tire. 

When heavy loads are carried on narrow tires, the damage 
is far greater on all roads, but more particularly on those that 
are weak from want of thickness or a yielding subsoil. This 
cause of excessive wear has long been recognised. When the 
wear is chiefly confined to the surface the crushing action of 
heavy loads on narrow tires is such that only the strongest 
materials can resist, and when, besides, there is cross-breaking of 
the road-coating, the wear is largely increased. 

Unfortunately, excessive weights, whether on broad or 
narrow wheels, come upon roads without any reference to their 
strength to bear them. It often happens that a road on a weak 
foundation, kept in a good state of repair, will stand the weather 
and carry a certain traffic for years with a material not very 
strong, and of a thickness, though small, sufficient for the traffic, 
showing no signs of weakness, and presenting a hard, smooth 
surface to which 'the wear is almost entirely confined. But 
should exceptionally heavy traffic, such as hauling of timber or 
building materials, or a traction engine, come upon it, and tax 
it beyond its strength, it will at once suffer, perhaps only to an 
extent which is not noticed except by the surveyor, but which 
demands a large increase in the outlay for maintenance ; or it 
may be cut -up and destroyed to such an extent that repairs 
become more of the nature of reconstruction than of ordinary 
maintenance. As much material may be required in a short 
length as would have been enough for the maintenance of a mile 
or more of the road with its former traffic, or of a road originally 
stronger under the heavier traffic. 

It may be, and no doubt it often is, the case that better 
drainage of the subsoil would have enabled the road to resist 
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^^H the actioTi of the heavier loads, and the importance of drainage 

^^H cannot he too much insisted upon. But the least thickness of 

^^M road required on a naturally had bottom is only learned by 

^^H experience, and a surveyor will naturally suit the strength of his ' 

^^1 road to its situation and trafSc, strengthening those parts that 

^^H show signs of weakness, by successive additions of materials, until 

^^K they are well able to bear the traffic, and the road Las a certain 

^^1 reserve of strength ; but he will not incur useless expenditure 

^^H by putting on more materials than the traffic requires, or can 

^^f work in without inconveniencing the pubhc, to provide strength 

^^H for heavy loads that may never come on his road. 

I 



Aciion of the Weather. 



The weather acts to some degree directly on the materials, 
but to a much greater extent indirectly, by increasing the wear 
from the traf&e. Frost expands the moisture in the crust of the 
road, and perhaps in the toad material itself, and when the thaw 
cornea, a general disintegration takes place, converting the sur- 
face into a stratum of loose materials into which the traffic outo, 
and the surface water soaks. 

Wet weather, by softening the muddy binding matter, which, 
as it has been already shown, forms so large a proportion of the 
best road-coatings, destroys the solidity and coherence of the 
road, rendering it less capable of supporting the traffic, and 
increasing the wear from crushing and rubbing together of the 
materials. Rain following frost and thaw is very damaging, 
and alternations of these, frost returning when the disintegrated 
surface has been saturated by rain, will break up the thickest 
road-coating if the surface is once destroyed, and the drainage he 
defective. 

Violent rain on exposed situations, especially where the 
materials are silicious, washes out the binding portion, and 
often the smaller stone as well, leaving the road loose and 
porous. On hills the scouring of the surface, from water break- 
ing out of the side channels in lieavy rains, causes great damage. 
The amount of materials washed away from the surface, and 
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even from the body of a neglected road, is often much greater 
than that fairly worn out by traffic. 

Excessive dryness has the effect of loosening the surface of 
roads made of silicious materials, the detritus of which has little 
or no binding property when dry. 

The extent to which these various effects may be injurious 
will depend on the nature of the road materials, on the drainage, 
subsoil, situation, and on many other accidental circumstances. 
Frost and thaw have but little effect on a dry, well-kept road, 
especially, when the materials are igneous or silicious. A 
limestone road will always suffer more, and severely if, owing to 
its situation or bad drainage, it holds the wet. When the frost 
is severe enough to reach the subsoil, if it be boggy or wet, the 
road-coating will be blown up from the bottom, whatever be 
the nature of the stone composing it. On a chalky subsoU 
great injury is often done on the breaking up of frost, whatever 
may be the material of the road or the care taken of its drainage 
and general condition. 

On a road subjected to cross-breaking and cracking arising 
from traffic beyond its strength, all atmospheric causes of wear 
are greatly aggravated. Eain and frost easily penetrate it, and 
through it to the subsoil. 

Heavy traffic coming on a road disintegrated by frost or 
softened by wet increases enormously the mischief originally 
caused by the weather. 

Hedges and fences which obstruct the sun and wind, hinder 
the road from drying, so that a road sheltered by trees or high 
hedges is always softer, and more liable to be injuriously acted 
upon by the weather and the traffic, than one well exposed to 
the sun and air. Trees have been supposed to add 25 per cent. 
to the cost of maintaining a road, and high hedges, especially 
on the. southern side of the road, are very injurious, particularly 
on a heavy clay soil, or where drainage is imperfect. 
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Circumstances which influence Wear. 

The amount of wear from every cause depends, of course, 
largely on the nature of the road material. Materials of a 
fairly good quality, such as flints or hard field stone, wear two 
or three times as fast as Guernsey granite, whinstone, and other 
traps and basalts ; and when the material is weak and the traffic 
heavy, the wear may be four or even five times as great as it 
would be with the best material. 

Generally speaking, the wear from every cause is less in 
proportion as the road is kept in good condition as to surface, 
solidity, thickness, and drainage. It is less on slight gradients 
than on a dead level, because of the better drainage, but on hills 
it is increased by the use of skidpans or drags, and from the 
effects of running water. The surface on a hill is washed clean, 
and looks better than the flat below on to which the mud is 
carried down, and this often leads to the neglect of a hill until 
it is worn down to the rough bottom stones. There is more 
wear in winter than in summer, in wet situations than in dry, 
and where sheltered by hedges and trees than where open to 
the sun and air. When traffic follows in the same track, which 
it has a strong tendency to do, particularly where the surface 
is soft and the tracks are visible, there is a great increase of 
wear. 
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CHAPTEE VII. 

MEASUREMENT OF TRAFFIC AND WEAR. CONSUMPTION OF 

MATERIALS. 

Measurement of Traffic and Wear. 

In experiments Uke those of Morin, vehicles with loads well 
ascertained were employed, and the amount and nature of the 
traffic which caused the wear were accurately kno.wn. Un- 
fortunately, any measure of the ordinary traffic on roads can 
only be obtained with difficulty and imperfectly. 

In France, the number of "collars," or animals drawing 

loads, was formerly counted, four animals drawing empty 

vehicles being counted for one collar. The imperfection of this 

way of reckoning traffic is evident. All draught animals rank 

alike, whatever loads they are drawing, so that two horses with 

three tons on one pair of wheels count for no more than a pair of 

ponies in a light carriage, though the wear they occasion is many 

times as much. Horses not drawing, cattle, sheep, &c., are not 

taken uito account at all — in some districts an important omission. 

Afterwards an account was taken of the weights carried as well. 

Ill 1876, the mean daily number of collars counted in this way 

on all the national roads was 156, and the average daily weight 

182 tonnes,* ranging from 1159 collars or 1589 tonnes in the 

department of the Seine, to 100 collars and tonnes or even 

less in some departments. In 1882 a new plan was adopted ; 

vehicles were counted in three categories: — (1) those loaded 

"vnth produce and merchandise ; (2) those used for the transport 

of travellers, and (3) private carriages and empty vehicles. 

-^^^als not drawing were counted, and the value to be given 

to them and to empties in " collars " was left to the engineers. 

■*^e gross and net weights of the vehicles were also ascertained, 

8Jid the traffic on all the national roads is now given in " collars " 

♦ Tonne = 2205 lb. 
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^^H and in " tonnes " per day. The traffic is indicated on a map by 
^^H a band along tbe toads proportionate in breadth to the traffic. 
^^^1 In taking account of traffic in South Wales, under tbe 

^^^P author's direction, the light collars drawing carriages, &c., 
^^^ paying a higher toll, were kept distinct from the heavy collars 
drawing carts and waggons; and horses not drawing, cattle, 
sheep, &c., were valued at fractions of collars in rough pro- 
^^_ portion to the tolls payable on them. The object of this was to 
^^^h arrive at a value, in collars of traffic, of the tolls paid at the 
^^^B various gates, as well as to separate tbe light and heavy traffic 
^^^ for tbe purpose of estimating tbe wear. 

Where, as in a street, the traffic is so considerable that it is 

(spread nearly uniformly over the whole width, tbe width of 
the road must be taken into account, though in the most crowded 
streets the traffic ia greater in the middle than at the sides. 
Mr. Deacon, in measuring traffic in the Liverpool streets, ascer- 



(a) The tonnage passing over the carriage-way in twelve 

months. 

(b) Tbe width of the carriage way. 

(c) The number of wheels on which the traffic in borne, J 

Thus J- = the weight of traffic per unit of width, 
and - = the number of tons per wheel." 



A method adopted in London by Mr. Howarth, consists in 
obtaining the average weights per unit of width, by observations 
taken for half hours at fixed periods throughout the day of 16 
hours, from 7 a.m. to 11 p.m., and repeated at the same points 
on different days, and in different conditions of the weatlier. 
The traffic on some of the principal macadamised thoroughfares 
of tbe Metropolis in November, 1878, as thus ascertained, may 
be given, though wood pavement has since superseded the 
macadamised surface. 

The average weight per wheel was 0'26 tons in Piccadilly 
and 0-30 tons in Parliament Street.t 

• Proc Inst. C.E., vol. Iviii. p. 21. 
t Ibiii., p. 33. 
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B^gent Street •• 
Kocadflly .. .. 
Parliament Street 
Victoria Street.. 



Average Number 

of Vehicles per day 

of 16 hours. 



10-796 

10-776 

14-306 

6-040 



Gross 
Weic^t. 



tons. 
9,668 

9,358 

14,380 

5,780 



Average per 
Vehicle. 



tons. 
0-900 

0-868 

1-005 

0-967 



Average 
Width of 
Roadway. 



feet. 
52 

37 
45 

40 



Weight per foot 
of Width. 



tons. 
186-0 

252-9 

321-7 

144-5 



The difficulties in the way of measuring the ordinary wear 
of roads are considerable. M. Bardonnaut, M. Dupuit, and 
other French engineers, have endeavoured to deduce the wear 
arising -from traffic to a certain extent known by measuring 
the amount of detritus collected in the form of mud or dust. 
Many precautions are necessary to avoid measuring matters 
not proceeding from the wear of the part of the road under 
experiment, and to prevent the loss of any part of the detritus 
by its being washed away by rain, or blown away, and it is 
only in special circumstances that the results can be thoroughly 
relied on. 

Cross sections of the surface carefully taken at the same 
points at intervals of time, sometimes combined with soundings 
or pittings to measure the thickness, have been employed both 
in France and in England, as a means of ascertaining the wear. 

It is not, however, enough to measure the wear, as shown 
by loss of thickness ; regard must be had as well to the 
composition of the road-coating. One result of wear is that 
materials are consumed and removed from the surface as mud 
or dust, another result is a breaking up and grinding down 
of the stone remaining in the road, so that the proportion of 
detritus to stone increases as wear goes on. The variation in 
the proportion of stone found in diiBferent specimens of road- 
coatings has already been pointed out, and it is stated* that 
a road in good order, of the same materials, and exposed to 
heavy traffic, may contain proportions of stone above 2 centi- 
metres (=0*8 inch) in diameter, varying from 87 to 37 per 
cent. To ascertain, therefore, all the efifects of wear, it is 



* Annales des Fonts et Chaussdes, vol. vi. 1853. 
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necessary to learn how far the proportion of stone to detritus 
has diminished, and how far it has been maintained by the 
addition of fresh materials. 

The process adopted for this purpose by the engineers of 
the Fonts et Chauss^es is as follows : Trenches are cut across 
the road, and, from the thickness observed, the quantity of 
materials which the road-coating represented is deduced, regard 
being had to the relative bulk of new materials and of con- 
solidated road. The contents of the trenches are sorted into 
stone above 2 centimetres (=0*8 inch) in diameter -and detritus 
below that size, and the proportions are noted. After an 
interval of several years, during which the quantities of fresh 
materials laid are carefully recorded, the same process is 
repeated. A comparison of the quantities of materials in 
the road at the two periods, making allowance for the fresh 
materials which have been added, gives the quantity consumed 
by wear and removed as mud or dust in the interval, and the 
proportion of stone and detritus at the beginning and end of 
the trial shows to what extent the road-cutting has deteriorated 
or improved in composition. The trafl&c must be observed also, 
if any deductions as to the amount of wear caused by traffic 
are to be attempted. 

By observations and experiments of this sort the French 
engineers have endeavoured to ascertain the actual wear of 
roads, and its relation to traffic as measured by collars and by 
tonnage. 

Some engineers have maintained with M. Dupuit that 
the wear increases in the same proportion as the traffic when 
the nature of materials and other circumstances are the same, 
while others have contended that the wear increases in a much 
greater ratio than the traffic. It is probable that with 
ordinary traffic the former view may be not far from the 
truth, but when the loads represented by collars are different, 
it must obviously be otherwise if, as is undoubtedly the case, 
heavy loads cause more wear than light ones, even when the 
same total weight is transported. 

An instance is recorded * of two pieces of the same road 

* Annales des Fonts et Chauss^es, vol. vi. 1843. 
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maintained with materials of the same quality, on one of 
which, where three-quarters of the trafl&c consists of very 
heavy loads, the consumption was ascertained to be 287 cube 
yards per mile, while on the other piece, where one-quarter 
of the loads were heavy, and the rest Kght or empty, it was 
only 81 cube yards per mile per annum for a mean daily 
trafl&c of 100 collars. In this case the wear of 100 collars of 
heavy trafi&c was three and a haK times as great as that of the 
same number of collars with light loads. 

The effects of an increase of trafl&c measured by tonnage on 
the wear of materials are illustrated in a memoir by Mr. Graefif.* 
Owing to the falling in of the Saint-Etienne tunnel, the trafl&c 
on a road was suddenly increased from its usual amount of 
1378 tons per day to 2264 tons, 3150 tons, and to 5315 tons 
on diflferent portions, at which rates it continued for 74 days, 
after which it fell on all the portions of the road to 1772 tons 
per day. The consumption of materials, i. e. the amount 
removed from the road, and that reduced to detritus below 
2 centimetres in diameter, was measured in the manner which 
has been above described, and the results were as follow : — 



Daily Traffic. 


Annual Consumption of 
Materials per Mile. 


Annual Consumption per Mile- 
per 100 Tons of Daily Traffic. 


Tons. 
1878 

1772 

2264 

8150 

5315 

• 


Cube yards. 
724 

1857 

2780 

4615 

9886 


Cube yards. 
52 

104 

122 

146 

186 



These figures show a nearly uniform increase of wear, at a 
much higher ratio than the increase of tonnage, less than four 
times the trafl&c, measured by tons, consuming more than 13^ 
times the quantity of materials. The case was no doubt an 
extreme one. The road was from 20 to 23 feet wide, and 5315 
tons per day represents 250 tons per foot of width, in this case 
carried mostly in heavy loads on narrow wheels. The material 

* Annales des Fonts et Chaussdes, vol. ix. 1865. 
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was schist, the subsoil clay, and the thickness of the road-coat- 
ing, which was less than 9 inches at the outset, appears to have 
been only 7i inches under the heaviest traffic. All the condi- 
tions were thus unfavourable. Both in the nature of the material 
and in thickness, the road was altogether insufficient for such a 
traffic, and the annual consumption of materials was equal to a 
thickness of more than 1| inch over the whole surface, before 
the excessive traffic was thrown on it, and under the traffic of 
5315 tons per day the consumption was at the rate of more than 
2 feet of thickness in a year. 

On another part of the same road, with the same material, 
where the wear was measured by the loss of thickness on the 
surface, an increase of traffic from 1200 to 1500 tons per day 
caused an increase of wear from 464 to 896 cube yards per mile 
per year, or from 38 to 60 cube yards per 100 tons of daily 
traffic, or an increase of traffic in the proportioh of from 4 to 5 
nearly doubled the wear. 

It will be unsafe to draw any general conclusion as to the 
increased rate of wear from these cases. There is no doubt that 
when the road or the materials are too weak for the traffic the 
wear is augmented, and that it increases enormously when the 
limit of strength either of the road material or of the road itself 
is approached. Here both limits must have been nearly reached 
before the exceptionally heavy traffic was thrown on the road. 

The observations at Saint Etienne, by M. Graefif, appeared to 
show that with an equal traffic the wear of materials increased 
with the proportion of detritus in the road, and in a more rapid 
ratio, and that with greater traffic the rate of increase of wear 
appeared to be more rapid. This would probably have shown 
itseK in a more marked way if, instead of considering everything 
under • 8 inches diameter as " detritus," a much smaller gauge 
had been adopted. 

Consumption of Materials. 

The annual wear of a road as measured by thickness has been 
seldom found in France to exceed J inch, or on the most fre- 
quented roads 1 inch, and to be not more than \ inch on roads 
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10 or 12 feet wide, with an average trafl&c of about 30 collars 
per day. 

Several observers agree in considering about 100 cube yards 
per mile per year to be an average consumption of good silicious 
or calcareous materials by 100 collars of traffic per day. Some 
give as little as 58 cube yards per mile for quartz gravel, 43 cube 
yards for muschelkalk, and 33 cube yards for granite gravel,* 
and 65 cube yards per mile is stated to be the consumption of 
a middling silicious material by 100 collars per day of the light 
caxriage traffic of the Avenue Neuilly, Champs-Elys^s.f The 
average consumption of materials on all the national roads of 
France in 1869, and in 1875, is stated to have been at the rate 
of 49J cube yards per mile per annum for 100 collars of daily 

traffic.^ 

In 1876 it appears§ that the mean consumption of materials 
on the whole of the national roads of France was 78 cube yards 
per mile, being at the rate of 53 cube yards per mile per annum 
for every 100 collars of daily traffic, and 50 cube yards per mile 
per annum for every 100 tons carried daily. In the different 
departments, the average quantity of materials per mile of road 
varied ifrom 22 cube yards in Corsica to 390 cube yards in the 
department of the Seine, seldom falling below 40 cube yards, or 
exceeding 150 cube yards per mile. The consumption per 100 
collars and per 100 tons of daily traffic was generally below the 
averages above given when the traffic was considerable, and this 
is very observable in those departments where the traffic was 
very heavy. The influence of the weather is shown by the 
high average consumption of materials compared with the 
traffic in some departments where the traffic is small, and 
the effect of a good material is also observable in a small con- 
sumption under considerable traffic where igneous rocks were 
used. 

There are no means of knowing, even approximately, the 

* Aimales des Fonts et Chauss^es, 1834, vol. viii. p. 190. 

f Crinier, Annales des Fonts et Chauss^es, 1843. 

X Annales des Fonts et Chauss^, 1869, vol. xviii. p. 366 ; 1877, vol. ziii. p, 

229. 

§ £tat indiquant la Decomposition par Departement des D^penses d'Entre* 
taen des Routes Nationales en 1876. 
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quantities of material used on the roads of England, whether 
turnpikes or highways. It is impossible from the returns 
made of annual expenditure even to get at the cost, and 
information of any kind on the subject is almost entirely 
wanting. 

The number of cube yards of materials per mile usually 
required for the annual repairs of the Glasgow and Carlisle 
road constructed by Telford are stated* to have been from 60 to 
120 cube yards per mile on different parts of the road, the 
material being whinstone ; and on the the Holyhead road, 96 
cube yards per mile in Anglesey, 73 cube yards per mile between 
Bangor and Cernioge, and 162 cube yards per mile between 
Cernioge and Chirk, where the materials were softer, were used 
for repairs in 1835.t 

The annual wear of the macadamised streets of London has 
been given as from 1 inch to 4 inches in thickness of granite 
coating, and as much as 5^ inches on Westminster Bridge, and 
that of the streets of Birmingham as on an average 2 inches, in 
some cases as much as 4 inches, and in one street nearly 6 inches 
of hard pebblestone, ragstone, and basalt (Hartshill stone). J It 
is doubtful whether the wear was measured, and what is given 
as such is probably the thickness of materials laid. 

On the Metropolis Eoads north of the Thames, which up to 
1864 comprised about 121 miles of the ma-in roads through the 
suburbs of London, extending to Hounslow, Uxbridge, Harrow, 
Edgware, Hampstead, Highgate, Enfield, and Snaresbrook, an 
average of from 470 to 580 cube yards per mile of granite, 
hard stone, flints, and gravel was used annually. On the 53 
miles of these roads lying within the district of the Metropolis 
Local Management Act, 650 to 700 cube yards, principally of 
granite, were used annually per mile. After 1864, when the 
latter roads were given up to the parishes, the average on the 
67 miles of road which remained was from 380 to 470 cube 
yards per mile per year of granite, hard stone, gravel, and flints. 

In the county of Edinburgh, where 441 miles of turnpike 

* Life of Telford, p. 485. 

t Mr. Provis's evidence, Select Committee on Turnpike Trusts, 1836. 

X Proc. Inst. Civil Engineers, vol. xii. p. 228. 
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road were kept in excellent condition under one management 
for many years, the following average quantities of syenite, trap, 
and whinstone were used annually : — 

In the Lasswade district 41 cube yards per mile. 

,, Dalkeith and Post Road district 98 „ „ 

„ Cramond district 170 „ „ 

„ Calder, Slateford, and Corstorphine district 67 „ „ 

The quantities varied considerably on different portions of 
road ; while near Edinburgh 500 or 600 cube yards per mile 
were used, 15 or 20 were enough for remote country districts. 

In South Wales, where the turnpike roads were under an 
uniform system of management from 1845 to 1882, the 
quantities of materials used on about 86 lengths of road, 
amounting in all to about 1000 miles, have been recorded in the 
quarterly returns made by the surveyors, and form the best data 
which as yet exist in this coimtry for judging of the amount 
of materials required to keep roads in good order under different 
conditions. 

In Glamorganshire, in the suburbs of Swansea and Cardiff, 
the trafl&c is that of the streets of large and busy seaport towns. 
On one mile at Swalisea, 500, 600, and 800 cube yards of 
materials, consisting of copper slag and mountain limestone, 
were spread for many years in succession on a road 8 yards 
wide, having a trafl&c of about 550 collars per day with very 
heavy loads ; 600 cube yards per mile would give a coat of an 
average thickness of 1 J inch of unconsolidated materials for the 
whole width and length, and represent about 1 inch of consoli- 
dated road surface. At Cardiff 800 to 1000 cube yards of lime- 
stone per mile were used for many years on a road of the same 
width, giving a greater average thickness of coating. 

These large quantities of materials were only required for a 
mile or two, and the rate soon fell to 200 and 150 cube yards 
per mile. The average on the whole 235 miles of turnpike 
roads in Glamorganshire was about 110 cube yards of materials 
per mile, many miles having been maintained with 60 cube 
yards, and some roads at as low a rate as 30 cube yards per 
mile. 

In Carmarthenshire, the average on 290 miles of road was 
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during ten years, 73 cube yards per mile ; some lengths of road 
having required upwards of 200 cube yards, while other roads 
were kept well with 20 cube yards, but the majority being 
nearer the average of 73 cube yards per mile. 

In Pembrokeshire, the average on 85 miles of turnpike road 
was 64 cube yards per mile, one road requiring 120 and all the 
others from 90 to 40 cube yards per mile. 

In Cardiganshire, the average on 134 miles was 58 cube yards 
per mile, varying on different roads from less than 20 to upwards 
of 100 cube yards per mile. 

In Breconshire, the average on 127 miles of turnpike road 
was 51 cube yards per mfle, varying on different roads from 30 
to 100 cube yards per mile, and exceeding 200 cube yards per 
mile on a short length. 

In Eadnorshire, the average on 130 miles was 48 cube yards 
per mile, the quantities on different roads varying in a corre- 
sponding degree. 

The materials consisted of carboniferous, silurian, and lias 
limestone, coal-measure sandstone, the grits and slates of the 
silurian rocks, and very largely of river and field stone. 
Igneous rocks are obtained only in small quantities in Eadnor- 
shire and Pembrokeshire. Copper slag has been used either 
alone or with mountain limestone in the neighbourhood of 
Swansea. 

On some of these roads the traffic is light, and on many of 
them more materials would have been used if the funds at com- 
mand had permitted it. Though the strength of the roads was 
in these instances suffered to fall below what was desirable, they 
were kept in very good condition with the amounts of materials 
stated above. 
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CHA?TEE VIII. 

SPREADING ROAD MATERIALS. 

New materials may be added to a road either in thin coats and 
small patches year by year, or in a thick coat consolidated by 
rolling. In the first method the wear is replaced annually, and 
the traffic is depended upon to work the materials into the road. 
Where the traffic is not excessive this can be accomplished imder 
proper management with excellent result, and at no serious in- 
convenience to the public. Considerable care in the use of 
materials is necessary to ensure their proper application. Sixty 
or 70 cube yards per mile amount to less than J inch of consoli- 
dated road surface, supposing the materials to be spread 
uniformly over a mile of road to a width of 4 or 5 yards. It is 
impossible so to spread it, even if the wear were so uniform 
over the whole surface as to render it desirable. A cube yard 
of stones broken to a 2-inch gauge, when carefully spread, will 
cover 30 square yards, so that 60 cube yards would only 
coat about a quarter of a mile 4 yards wide, or 70 cube yards a 
quarter of a mile 5 yards wide. With such quantities each part 
of the road would be coated once in four years, and it must have 
sufficient strength to stand the wear of four years without being 
coated. K only 30 cube yards per mile of materials were used, 
it would be eight years before every part of a road 4 yards wide 
were covered, and the road must be able to undergo eight years 
wear without giving way, while waiting the turn for each part 
to be coated. 

In actual practice both the wear and the thickness of roads 
is irregular, and if large pieces of the surface of a road on which 
the wear is small, and the quantity of materials to be laid is 
limited, are coated aU over, it is tolerably certain that thickness 
is added to perhaps one-half or two- thirds of the area which is 
already thick enough to bear the traffic, while other parts, 
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including weak places, must be left until their turn comes to be 
coated, which may be as just shown, from four to eight years. 
The ordinary wear on weak portions thus neglected is consider- 
ably greater than it would be on a stronger road, and if from the 
eJBfects of heavy trajfic or bad weather they break up, the extra 
quantity of materials required for their repair may be very 
large. Instead of thus always contending with a road which 
is in many parts too weak, the irregularity of wear and of 
strength in different parts of the coating and the consequent 
reserve of strength in some parts of the road should be taken 
advantage of. Materials should be laid only on the places 
that require them, and the whole road should be brought as 
far at practicable to a uniform strength throughout. Thus no 
part of the surface is neglected and no materials are wastefully 
applied to portions already quite thick enough to stand the 
traffic, and a better road is obtained with a less expenditure of 
materials. 

In laying on new materials, the old-fashioned way of waiting 
till the road has lost its shape, and then spreading a thick coat 
over a large surface and leaving it to be worked in by the traffic 
without further care, should never be followed. A good deal of 
the new material is thus wasted by being ground up and 
crushed before it is consolidated, and when at length, and at 
great inconvenience to the traffic, consolidation has been 
effected, the surface of the road will be left irregular and out 
of shape. The materials necessary to replace the wear of any 
ordinary traffic can be laid in comparatively small quantities, 
wjiere hollows or weak places appear, or where required to keep 
the cross section of the road in good form. If they are laid in 
small patches, and with care, the inconvenience to the traffic 
will be scarcely perceptible. It should be remembered that 
until the newly laid stones are consolidated, the operation is not 
completed, and if the task of working them in is left to the 
public, it is only right that the process should be rendered as 
easy and speedy as possible, by good arrangement and care 
in laying the materials, and by attention to them after they 
are laid. 

On a road maintained in good repair on a good system. 
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there are no holes or nits or long hollows worn by the wheels'^ 

or the horses' feet, but only irregular depressions or " slacks 
of the surface, which show where fresh materials should be 
applied. They are more or less rounded and undefined in out- 
line, less than an inch deep in the middle, and ahallowing 
gradually towards the edges. Considerable care is required in 
determining the size and shape of tlie patches of materiEils to be 
laid to repair these hollows, aa both a good result and economy 
" of materials and labour depend upon it. Unskilled labourers 
are inclined to lay stones in rectangular patches, with more 
regard to the neat appearance of the newly laid stones than to the 
needs of the road. Parts of the round or oval-ahaped hollows 
must thus be left uncovered, or fresh materials must be laid 
where they are not required. The angles of a square patch are, 
besides, very liable to be knocked away, and if the atones arei 
not wasted in this way, they do not set ao quickly as if laid in 
a rounded form. If the ends of a patch be made in the form of 
an oval more or less pointed, the trafiie will wear it in from the 
aides, and on a hill the water will be diverted towards the sides 
of tlie road, instead of running into the atones, as it does with 
a square-ended patch. Care ahould be taken to cover the whole 
surface of a hollow, ao aa to leave no place where water may. 
lodge. 

The object ahould be to give the surface, after the conaolida- 1 
tion of the new materials, aa nearly aa possible the regular form ' 
due to the cross section of the road. "With atone broken to the 
nsnal gauge, and giving a thickness of J inch to 1 inch of con- 
solidated coating, this can only be done approximately and by 
using the amaEer stuff at the edges, and requires a good deal of 
aptitude on the part of the roadman. The patches seldom need 
be more than 3 or 4 yarda long and 2 yards wide. Too many 
hoUowa on the aame part of the road should not be covered at 
once, the deepest may be coated ftrat, and when the stones have 
partly set, the shallower ones may be attended to ; and if, mean- 
while, the water lodges in them, it may be led off by cutting d 
small grooves with the pick. 

It ia generally easy to leave a winding track along thel 
t free from stoues, by arranging patches sometimes on th6 I 
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sidea, and sometimea on the middle, so that the horses' feet 
may avoid the stones, which ■will be ■worn in from the sides 
of the patchea by the wlieels. When this has been partially 
effected, other patches may be bo laid as to divert the traiEc into 
another track. The curious tendency of horses drawing vehicles ■ 
to follow in the same track must be checked by inducing them by 
meaDBofsmallpatches to change the track. This, of course, must | 
be done with due regard to the places that require strengthening, ' 
end demands more contrivance than is to be expected from 
an ordinary roadman, unless trained by the surveyor. 

If, from neglect or bad management or other cause, long 
mts or lajge hollows have been allowed to form, they should 
be repaired in short lengths, and one part at a time. Vehicles 
avoid long strips of stones laid in a hollow worn by wheels, and 
soon make another rut alongaide. Laying a long strip of 
materials on the middle of the road diverts the traffic to the 
sides, which are sure to suffer a good deal, and may be entirely 
cut up before the stones in the middle are worked in. K, after 
all hollows have been covered, there is still material that ought 
to be laid, it should be spread in sheets one stone thick over 
the whole width of the road, up to, but not including the water- 
tablea. The sheets should not be more than 6 or 8 yards long, 
and with intermediate lengths at least two or three times as 
long as the stoned portions, and when the stones first laid have 
worked in, other patches may be laid in the intermediate spaces 
till the whole has been covered. On steep hills, coating from side 
to side is an unnecessary inconvenience to traffic. One side 
should be coated first, and the other left until the atones are 
partially consolidated by the descending vehicles. 

A thick coating of metalling should never be laid on; a 
layer one stone in thickness, the stones being laid sufficiently 
close to support each other, is almost always enough, and if not, 
one layer put down upon another when it has almost worked in 
will give any thickness required. 

The practice of using trestles, logs, or stones to force the trafGc 
over newly laid stones to work them in is one to be avoided. It 
is generally but a clumsy way of doing that which can be accom- 
plished by good arrangement in laying materials, and by after 
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attention: to them. The legal right to use trestles on highways 
has been held to exist, though it has been disputed. 

TTiat materials may be spread in small quantities, they 
should be at hand in depots or heaps, from which they cai^ be 
wheoled out by the roadman as he requires them. There is 
genexrally no difficulty in arranging this; room can almost 
always be found on the roadside for stone depots or heaps about 
100 yards apart, when the distance to be wheeled will never 
exceod 50 yards. Stone should be kept in reserve on the 
roadside, so that it may not be necessary to deposit small heaps 
at sliort intervals every year, when the consumption is small. 
If tlaere are no places for stone heaps, or depots, close enough 
togetlier for the materials to be wheeled out, carting must be 
resortied to, either by contract, as one of the conditions of the 
supply of materials, or, preferably, by the hire of a horse 
and oart ; and it will be necessary to guard against waste by 
spreading too large quantities in one place, and carelessness in 
laying the materials. 

^VVhen a hard and costly material is us^d in considerable 
quantities, it may sometimes be spread with advantage under 
the direction of a special man, instead of being left to the care of 
the road labourers. The latter, of course, assist in the spreading, 
and in this way one skilled man may superintend the spreading 
of materials over a long length of road. 

The practice of picking up or loosening the surface of a road 

with a pick, sometimes called " stocking," in order to make the 

new materials unite more readily with the old surface, is one on 

which opinions have been divided since the days of McAdam, 

who appears to have recommended it, while Sir H. Parnell and 

Mr. Provis, speaking from the experience of the Holyhead road, 

condemned it as expensive, wasteful of the old materials, and of 

no good whatever to the road. On thin roads it is certainly 

ahaost impossible to pick up the surface without destroying the 

cohesion of the whole coat, thus doing far more harm than any 

benefit arising from it can compensate for. On thick roads with 

a hard surface, a proportion of stones may be crushed and wasted 

More ihey can be incorporated in the road, and picking up may 

be useful, but stones properly laid in moist weather generally 

H 2 
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^^M bind sufBciently well on ordinary roads without any picking np, 

^^H as the weak places, or hollows, where patches should be laid, have 

^^1 aoftneas enough to render the working-in easy. At the most, a 

^^H slight loosening of the surface round the margin of the patch is 

^^H required to give the stones a hold, and hasten the settii^. 
^^P On roads of considerable thickness, where the surface is hard 

^^M and the material tough, there is no danger of breafeiug up the 

^^M whole road, and a quicker consolidation may be worth obtaining 

^^M at the cost of the extra labour, and even of eome of the old 

^^K materials. Loosening to about ^ inch in depth, and rather 

^^m more round the edges, is sufficient for smaJl-eized metalling. 

^^1 The tendency of workmen is to pick up too deeply, and it is 

^^B unavoidable when full-sized stones are disturbed in their bed. 
^^B Picking or stocking up the surface before laying fresh 

^^H materials generally costs from ^d. to Id. per square yard, 
^^r The use of a bindlug material in road maintenance, when 

^^ materials are applied in thin coats and smaR patches, is aeldom 

necessary or desirable. The road hag already in it more than 

I enough small stone and detritus to fill up all interstices, and 

^^^ in the damp weather in which stones should be laid there ia 

^^M generally little difficulty in getting a layer one stone thick to 

^^f work in without adding any binding. On a road irom which 

I the mud is constantly removed, the pieces where fresh materials 

have been laid often appear, after the stones have worked in, as 

I muddy places, So long as the materials remained uncon- 

^^L solidated, the mud forced out as the stones worked in could not 

^^M be scraped off. It would evidently be a mistake to add unnecea- 

^^M aarily to this excess of detritus in the road, and on the contrary 

^^M it is generally right to scrape the road before laying down &esh 

^H materials, as a layer of mud hinders the incorporation with the 

^^K road surface. 

^^1 When large sheets of stones have to be laid in a street or road 

^^^ of great traffic, the use of a binding will ease the traffic and 

^^H cause the new material to consolidate more quickly. A good 

^^K clean binding material must be used, and evenly spread, and in 

^^B dry weather watered. Too much binding, or a material of a 

^^1 muddy character, will make the road soft and weak until tlie 

^^H excess has been removed by scraping or sweeping. 
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On a mountain i-oad with light traESc, exposed to heavy rains 
and sweeping winds wMch remove all mud and detritus, a biad- 
ing material may be used with advantage, especially with 
silicioua materiala. 

The consolidation of materials after they are spread can be 
greatly aided by attention on the part of the roadman. The 
sooner they are coiiaolidated the better they will wear, and a 
little care bestowed on newly laid patches will save much work 
and materials afterwards, If too many atones are laid down at 
once, the roadman cannot give them the necessary attention, 
and they do not become consolidated so q^uickly or so well aa if 
they are spread in quantities that can be properly attended to. 
Ituta, which always have a tendency to form in freshly laid 
materiala, especially if more than one stone thick, should be 
effaced by raking across backwards and forwards, and t-hiR 
reqaires more skill than may be thought necesaaiy for such a 
simple operation. Everything should be done to distribute the 
traffic equally over the whole breadth, and prevent the formation 
of rata by veMcles following in the same track. However 
carefully patches are laid, stones, especially round the edges, 
will be displaced ; they should be put back, aa single loose stones 
are dangerous to the traffic, hurtful to the surface of the road, 
and liable to be crushed and wasted as material If consohda- 
tion does not appear to commence, a Uttle small stuff from the 
clearing up of the side channels, or road scrapings, may be 
applied as a binding material, especially round the edges of the 
patch, where the old surface may also be slightly loosened with 
the piclc. 

It is the practice in France to aid conaoUdation by ramming 
die new-laid stones with a pounder, 15 or 20 lb. weight ; the 
effect is good, and it is sometunes very useful, but it is not 
generally worth while to inciu' the cost of tt 

In dry weather, when a dangerous hollow has to be repaired, 
and atones laid in the ordinary way will not set, a sort of concrete 
made of five parts of small stone and one part of road scrapings, 
mixed with water into a stiff paste, may be put on, after picking 
up and watering the old surface. When it has dried a little, the 
patch should be rammed or beaten, and be covered with a thin 
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coat of dry small stones, over which detritus should be spread, 
and the ramniing or beating should be repeated. 

Smoothness of surface of a road is generally a proof that 
the materials have been carefully applied and raking in and 
scraping have been properly attended to, though hardness of 
material, and, above all, unequal hardness, will always tend to 
roughness. 

The proper season for laying the bulk of the fresh materials, 
is in the autiinm and early winter. The precise time at which 
it can be begun will depend on the climate, weather, subsoil, 
and the nature of the materials. As soon as the surface of the 
road softens from the wet, patching the hoUows, wheel-tracks, 
and channels worn by water, should be commenced, the mud 
having been previously removed where necessary. The greater 
part of the new materials should be put on before the end of 
the year, so that tliey may be at least partially worked in 
before winter, when they are most recLuired in the road, and 
before severe frosts come. UnconsoMated materials are more 
annoying to the traffic in frosty weather, and there is waste by 
the stones being crushed and scattered instead of being incor- 
porated in the road. Stones laid late in the winter seldom con- 
solidate thoroughly, and those laid in the spring hardly set at 
aU, but work loose in the dry weather, if they are not of a bind- 
ing nature. K a road from any cause shows weakness in the 
spring, and requires stoning, everything must be done to aid 
consolidation, and great attention to the newly laid materials will 
be required. All stones which do not bind must be raked off as 
the season advances and there is no longer any prospect of their 
working in. 

On a road in good condition, of sufficient strength, and with 
ordinary traffic, by patching hollows as they appear, and by a 
careful attention to the surface, the materials consumed by wear 
can be replaced without difficulty, and the thickness of the coat- 
ing can be added to if necessary. With greater traffic the 
quantity of materials laid and the size of the patches must be 
increased. After all hollows or slacks have been covered, or 
when there are no places which appear to require coating, the 
proper quantity of materials required to keep the road up to its 
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fTill strength ahould still always bo laid. Thia may be in sheets 
over the whole width of the road, up to, but not mclnding, the 
water-tables, and in short lengths, with intermediate spaces free 
from stones. 

The wear on a good road ia often greater than appearances 
indicate, and if it be not replaced, although the surface may be 
kept in perfect condition, smooth and hard, and free from 
hollows, the road will be getting thinner and weaker, and at last 
will fail from having insufficient strength. 

Experience has shown that this is no imaginary danger. In 
Prance the system of repairing by small patching and minute 
attention to the surface was strongly advocated by M. Dumaa, 
and under some engineers was carried to an extreme. It was 
contended that the more perfect the surface of a road was 
rendered, the leas was the resistance and shock to vehicles, and 
consequently the less the wear of the road, and that, therefore, 
roads with the finest surface were cheaper to maintain. To 
obtain this perfect surface the dust or mud was removed by con- 
tinual aweeping, leaving a clean smooth surface, free from wheel 
tracks, over which the traffic was supposed to work evenly, and 
wear the road parallel to itself without forming hollows or 
rata. The materials required to replace the annual wear were 
broken fine and applied in small patches. The outline of the 
spot to be covered was marked out, and in dry weather watered, 
the surface was picked up, the loosened materials were raked out 
and divided into coarse, middling, and small. The coarse was 
L put back with new materials so as to cover completely the place 
L'to be repaired. The surface was then rammed lightly, and the 
ijiaiddling-sized materials were spread over and rammed, and then 
Icovered with small stuff and detritus and again rammed. The 
Veides of tracks formed on the new surface by wheels were 
trammed, and in dry weather the finished patch was watered 
rttuly till it set.* 

m The amount of manual labour was of course large, and more 
l< especially so when compared with the quantity of materials laid. 
EOn the roads of the department of the Sarthe it amounted to 
^uBven days' labour per cubic metre, where, before the adoption 
^1 ' 'AuiiLileB des Fonta et Chaussfes,' vol. viii. 1S44, p. 273. 
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^^m of the system by M. Dumas, it was only one day. On the other 
^^M band, a great economy of materials was claimed, and, on the 
^^H whole, economy of maintenance was supposed to be obtained, as 
^^H well as far better roads. The excellence of the roads waa 
^^p undoubted, but the economy, if any, was only obtained by not 
I replacing the annual wear, whic)i was greater than the fine 

surface indicated. The thickness of the roads gradually 
[ diminished, and at a certain point they went to pieces suddenly, 

^^L keeping an admirable surface to the end. 

^^m The late Sir J, F. Burgoyne, then engaged on road works in 

^^r Ireland, called attention to M. Dumaa' system, in a paper written 
' in 1843, and advocated its adoption. Constant attention, the 

prevention of the collection of mud or dust, frequent patching in 
small quantities with finely broken stone on the first appearance 
of inequalities, the use of a rammer, and artificial watering, 
were brought into practice to some extent on the Irish 

I roads, without being carried so far as in France, and 
good results. 



Repairs ly Thick Coats and Soiling. 

When the traffic is very great, the quantity of materials 
required to replace the wear is so large that, if it is put on in 
patches and partial coatings, the road is always covered with 
newly laid stones. The plan of laying down a considerable thick- 
ness at once and consolidating it by rolling can then be followed 
with advantage. This mode of applying fresh materials has 
been practised in France since 1840, and since the introduction 
of the steam road roller it has been a good deal followed in towns 
in England. Instead of attempting to restore the wear annually, 
only such repairs are done as are sufficient to keep a good 
surface on the road, which is allowed to wear as tliin as it can 
be with safety, having regard to its power to carry the traffic, 
and it is then coated with a thickness of materials sufficient to 
stand the wear of several years. The consolidation of this thick 
covering by rolling is of course an essential without which 
there would be nothing but a return to the old practice of road 
mending. 

The advantages to the public of being spared the wear and 
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tear of vehicles, the excessive draught and labour, and perhaps-^ 
injury to horses, resiolting from the consolidation of large 
quantitiea of freah niateriala by the ordinary ti-affic, and of 
having at once a road with a hard and smooth surface, are 
obvious. Id many cases the question whether there is economy 

the actual repairs will be a secondary matter compared 
the indirect gain to the public both in money and in 
comfort. 

The proceaa of rolling has been already described in Chapter 
II. To make a coating of new materials unite with the old 
aurface, the latter may be picked or stocked up before the freah 
materials are laid, but it is not always necessary. The driving 
wheels of steam road rollers are provided with holes into which 
steel points may be fixed for the purpose of loosening the sur- 
face, and saving a good deal of the labour and cost of picking 
up by hand. Binding material must be used, and artificial 
watering, both of the old surface and of the new-laid stones, 
may be required. With the aid of the latter, fresh coatings of 
atone can be laid as well in the suiuaier as in the wet season, 
and by some surveyors a better result is believed to be obtained. 
A less tliickness than 4 inches of materials should not be laid 
down; the coating does not bind so readily, and the cost of 
rolling ia not much greater with 4 inches than with a less thick- 
ness. It has been already stated that it is unnecessary to break 
materials which are to be laid with a roller to so small a size as 
would otherwise be required for patching. The greater amount 
of wear which always takes place in the middle of a road must 
be allowed for by making the cross section rounder than neces- 
sary at first, that it may not be too flat before tlie time comes for 
another coating. 

A greater length of road than can be completed in one day 
should not be undertaken at once. The fresh materials may be 
spread one day, and the rolling may be begun and finished on 
the following day. On a wide road, one-half the width of a 
roadway may be coated and rolled and delivered over to the 
trafSc before the second half is commenced. The inconvenience 
and loss of time experienced in turning a roller almost dis- 
appeai-s when a steam roller is used, and short lengths, such as 
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30 or 40 yards, may be rolled at one time, and the roller may be 
used from side to side of the road. The area which can be rolled 
in a day will depend on the thickness of the covering, and on 
the nature of tlie material. Ahorse roller will complete a length 
of 300 yards on a wide road, and more on a narrower road, with 
a good binding material, and if the work can proceed without 
interruption, that is, at the rate of about 1600 square yards 
per day. The hindrances of street traffic may however reduce 
this to less than one-half. With a steam roller, Messrs. 
Mowlem, Freeman, and Burt state that they can roll 1000 
square yards a day of the material used in the London streets. 
Other road surveyors and contractors give from 600 to 2500 
square yards as a day's work. The steam rollers in general 
use are 10 tons in weight, rolling a width of 6 feet, or 15 tons, 
rolling a width of 7 feet. Heavier rollers, weighing 20 tons or 
25 tons, are sometimes used, but the damage they do to pipes, 
drains, sewers, &c., is not compensated for by any increased 
utility. 

Steam rOad rollers now work constantly in London and in 
many other large towns ; and with ordinary precautions, such 
as blocking up entirely a short length of road, or diverting the 
traffic to one side while the roller is at work, or giving warning 
by a fl^-man or other notice, little inconvenience arises from 
horses being frightened. 

Economy is claimed for this method of repairs, both on the 
score of a large saving in road materials and in the cost of laying 
them down, and also because less after-labour is required for 
attending to the surface and removing mud and dust. 

The result of observations made by M. GraefE* in 1850," on 
two of the national roads of the department of the Eas-Ehin, 
one of which had a traffic of 640 collars and the other of 
280 collars per day, gave the following particulars of the 
average cost of the employment of a cube yard of materials 
spread in a coat about 4 inches thick, and rolled by horse 
power ; — 

* ' ktmBXen dea Punts et Chaxxaaiee,' vol. ii. 13G1. 
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This is Id. to l^d. per sc[uare yard for a coating 4 ini 
thick. Wages were 1'35 franc per day, and the ahove prices 
must be more than doubled to correspond with English prices of 
,jkbe present day. 

The economy efl'ected by this mode of maintenance was I 

iidered to be 20 per cent., not so much on the roateriala as i 
on the labour, and in M. GraeEfs opinion there was no economy j 
at all when a 4-inch coat was required leas often than once in. ' 
seven years, or when the wear was leas than J inch per year. In 
a subsequent memoir,* M. Graeff claims on roads of great traf&c 
in the department of the Loire a saving of 30 to 40 per cent on 
the quantity of materials, and another of 10 per cent, on the 
labour. Experienced surveyors in England estimate that there 
13 a saving of one-quarter or one-third of the quantity of road 
materials, which, when the traffic is great and the wear rapid, 
is a considerable set-off against the expense of piirchasing and 
worting a roller. 

The cost of steam rolling, when there is constant work for 
the machine, is far less than that of horse rolling, but the 
actual cost varies very much with the circumstances under 
which the work has to be done. The result of a comparative 
trial made in Paris between a horse roller, weighing 6J tans, 
and a steam roller, weighing 13 tons, was that, valuing the 
cost of the horse roller at as. per hour, and that of the steam , 



' Auualea des PuaU et Chsua 



I. p. 383, 1865. 
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j roller at 7s. Gd. per hour, the cost of rolling per sijuare yard waa 
Id. with a horse roller and ^d. with the steam roller. Messrs. 
Aveling and Porter give the cost of continuously working a 
steam roller and rolling from 1000 to 2000 square yards in a 
day at from 22s. to 25s. a day, including wages of driver, coal 
aad oil, and wear and tear of the machine, which ia at the rate 
of a penny for from 3 to 8 superficial yards. In addition to 
the driver, two other men, or a man and a boy, are often neces- 
sary in towns ; and the coat of watering and of spreading and 
sweeping the binding material must be taken into account. 
When the worldng of the roller is not continuous, the interest 
and depreciation on the first cost of the machine is, of course, & 
heavier charge on the work performed. The ermines are, how- 
ever powerful enough to drive stone-breaking machines, and 
may be provided with arrangements for the purpose, and also 
with extra wheels for employment as traction engines to remove 
materials to the roads. By thus utUising them for other puis 
poses when not wanted for rolling, the purchase-money may be 
not left BDtirely idle. 

It appears from a table prepared by Mr, Lovegrove, which 
shows in detail the coats of repairs to roads with a steam roller 
in the Hackney district,* that the coat of laying coatings of 
granite from 2 to 3 inches thick, including wages, roller, water- 
ing, sharpening tools, and hoggin, was from about 2^d. to 5d. per 
square yard. The average cost of laying the 56,145 square yards 
in the twenty-one different streets included in the table is for 
the different items as follows : — 

Roadmen and watchmen 1*22 

Hireofroller 1-EO 

Water-oarta and water "31 

Bbarpemng ptoka 'SO 

Surplus huggio, &c 'SI ^^M 

ToUl .. .. _Wi ^H 

or nearly Z^d. per square yard, ^H 

The solidity and smoothness of a road thickly coated and con- 
solidated with a heavy roller diminishes the wear from the tra£&o, 

' Pruc. Imt. C.£. vul, Iviii. p. 63. HH 
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and consequently lessens the cost of sweeping, scraping, and 
removing dust and mud. It is a mistake, however, to leave a 
road so coated entirely to itself until it is so much worn as to 
require another thick coat of materials. Continual patching in 
small pieces should be practised, and this is as much or more 
required soon after the thick coat hag been laid and roUed as 
later. The ordinary trafl&c searches out the weak places, which, 
from containing originally too much binding material, or from 
having escaped the weight of the roller, are less thoroughly con- 
solidated, and a road on which a thick coat of stones has 
been recently laid with the aid of a steam roller often presents a 
more uneven surface than a road maintained by coatings one 
stone in thickness worked in by the traflSc. 

Unless the traffic and the wear are very considerable, say at 
the rate of J inch of road surface in a year, there is no economy 
in adopting this method of road repair, whatever may be the 
increased comfort to the public, and the lessened draught and 
wear and tear of vehicles resulting from it. 

On a thin weak road, the effect of the weight of the roller is 
destructive. A 15-ton roller, supposing it to bear equally over 
its whole width, may have no greater pressure on the surface of 
the road per inch of width than a cart wheel with three-quarters 
of a ton on it, and yet the load per square inch on the subsoil 
may be greater. In fact, however, the weight never is equally 
distributed, and the pressure is excessive at some points, while 
other portions escape. This is shown by the way in which the 
ordinary traffic of a road wears into hollows the smooth even sur- 
face left by a heavy roUer. 

The use of a roller to consolidate a coating one stone in 
thickness is not advisable on economical grounds, though it may 
sometimes be desirable for the comfort of the public. Unless 
the material be very hard, a good deal is crushed by the roller, 
even if the old surface has been first picked or stocked up. 
With the latter process, little or no binding material is 
required besides that derived from the picked-up surface. 
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CHAPTEE IX. 

SWEEPING AND SCRAPING. DRAINAGE. WATERING. REPAIRS 

BEYOND ORDINARY MAINTENANCE. 

Sweeping and Scraping. 

In a good system of road maintenance the removal of the 
detritus resulting from the wear of materials holds an im- 
portant place. It may be effected either as dust or as mud. 
In this country the removal of dust is only practised to a 
limited extent, and in towns ; but in the drier climate of France 
it is considered to be attended with advantage on the roads in 
the open country, and dust is removed in the summer instead 
of mud in the winter, so that labour throughout the year is 
rendered more equal When the materials of the road are 
silicious, and consequently disposed to lose coherence in dry 
weather, the removal of dust is liable to be injurious, by 
disturbing the surface, and exposing the loose materials to the 
wear of the trafl&c without the covering of dust which holds 
them in place and protects them. There is little danger of this 
on a calcareous road, which remains solid and united in the 
driest weather. 

Dust may be removed by scraping, but sweeping is the more 
usual process. In France a long-handled flexible besom is 
used, with which a man placed in the middle can sweep from 
side to side of an ordinary road, and thus get over two or three 
miles per day of easy sweeping. Brooms fixed on a horizontal 
bar, and mounted on a wheel and handles like those of a wheel- 
barrow, and worked from side to side of the road, are also some- 
times employed. In England a bass broom is generally used 
both for dust and mud, with which a man Can sweep on an 
average about 2500 square yards per day. A good deal depends 
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on the nature and condition of the mud. It is stated * that in 
the streets of Paris a man with a broom will sweep, without 
putting the mud up into heaps, 700 square yards per hour of 
macadamised road surface dry and slightly watered, 470 square 
yards when covered with liquid mud, and 350 square yards 
when the mud is sticky. 

Sweeping machines are used in towns to remove both dust 
and mud. In one machine a revolving brush mounted obliquely 
sweeps a track about 6 feet wide, and leaves the dust or mud 
in a line along one side of it, to be afterwards gathered up. 
Whitworth's machine consists of a series of brooms, usually 
about 2 feet 6 inches wide, attached to an endless chain running 
over pulleys suspended in a frame behind a mud cart, the 
wheels of which give a rotary motion to the pulleys carrying 
the endless chain and the brooms attached to them. As the 
cart moves on the brooms are made to bear on the ground with 
a pressure that can be adjusted according to circumstances, and 
the mud or dust is swept from the surface up an incline into 
the cart. A machine with one man and a horse is saidf to 
sweep 3 to 4i acres of street surface per day, removing from 
1 to 3 loads per acre, at a cost of from 10s, to 155. a day for 
working. A good deal depends on the distance to which the 
stuff has to be carried, but allowing one-third of the day to be 
lost in going to and from the places of deposit, a day's work 
will be 14,000 to 20,000 square yards of sweeping. 

A scraping machine drawn by a horse is also in use. The 
scrapers are mounted on a frame oblique to the direction in 
which the machine is drawn, which is along the road, and the 
mud is delivered at the hinder end of the oblique line of scrapers. 
A breadth of about 6 feet is scraped by the passage of this 
machine, which is, however, not so well able to follow the 
irregularities of the surface as the smaller hand machine. 

These larger machines are little fitted for use on roads in 
the open country. They are costly, and therefore would, under 
any circumstances, be few in number, and they require the use 
of horses, whereas hand scrapers and hand scraping machines 

* Homberg, * Annales des Fonts et Chauss^,' vol. x. 1865, p. 263. 
t Proc. Inst. Civil Engineers, vol. vi. p. 431. 
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can be kept in readineaa at many pointa, and can be used at 
once by the roadman when the weather is suitable. 

The ordinary hand scrapers are generally of steel, about 
18 inches wide and 6 inches deep, with the ends bent backward 
to hold the mud. They are useful at times, when a machine 
scraper ia not at hand, or when it will not act well, as when 
the road is littered with fallen leaves. Hand scraping ia alao 
considered to be more favourable to the road, and it certainly is 
so when the surface is tender or uneven. 

Hand scraping machines have many advantages, the qoiok- 
nesa with which they do their work being one of the chief. 
They consist of 10 or 12 scrapers 3J or 4 inches broad, hinged 
to a horizontal bar, each pressed down by a separate spring to 
enable them to follow the inequalities of the road, and mounted 
in a frame on a pair of wheels, on which the machine can be 
pushed backwards with the blades of the scrapers clear of the 
road, and pulled forwards with the scrapers in action. They 
are worked from side to side of the road, the most convenient- 
sized machine scraping a width of about 4 feet at each passage. 
With such a machine a mile of road may be scraped in a day, 
two men being employed, one in using the machine, and the 
other making up the dirt into heaps, or depositing it on the 
sides. With a hand scraper not a quarter of this work could 
be accomplished. The best machines are those made of wood 
with steel-shod scrapers. They are liable to rot from the wet 
if they are not kept well painted, but they are less liable to 
damage, and are more easily repaired than those of iron, and 
they are also cheaper. A machine 4 feet wide costs between 
21. and 3^., and will last 15 years or longer if taken care of. 

It is sometimes urged against scraping machines that they 
loosen the surface, drag stoues from their plac^, and remove 
with the dirt materials useful in the road. This is to some 
extent true, especially if the surface is bad, or when scraping is 
done when the road is sticky or tender, and if the question were 
whether sweeping or scraping was the best mode of removing 
mud, it would be entitled to due consideration, but when it ia 
whether mud should be removed by scraping or not at all, the 
slight injury that the scraper may do when used at improper 
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times is not worth taking into account. The machine naturally 
tends to plane down inequalities, and thus gives an even smooth 
surface, which throws off the water, and dries quickly after rain, 
so that the removal of mud not only reduces the proportion of it 
in the road, but hardens the surface by promoting evaporation, 
and renders it far better able to stand the wear from trafl&c and 
the weather. 

There is great advantage in scraping being done promptly, 
when the weather is favourable for the operation. This is 
generally after moderate rain, when the mud is soft without 
being too liquid. When it is stiff, the surface of the road is 
injured by the scraper, stones are loosened in their places, and 
useful materials are removed with the mud. If a favourable 
opportimity for scraping be allowed to pass by, the mud may 
remain on the road for a long time, preventing evaporation, and 
keeping it moist and soft, and, if frost comes on, causing far 
more damage in the thaw than would happen on a well-scraped 
road. 

Scraping off a thin covering of mud takes almost as much 
time, and is, consequently, almost as costly as scraping a thicker 
coat, and this must be taken into account when, as usually is 
the case, economy has to be considered; About i inch of mud 
is generally the thickness which it is best to scrape. 

The dirt should not be scraped into the side channels, but 
should be at first drawn into long regular heaps, with openings 
at frequent intervals to allow the surface of the road to drain 
freely into the side channels. When sufficiently dry, the 
scrapings may be laid on the waste at the sides, or made up 
into heaps and carted away. It is a good plan to make it one 
of the conditions of the contract for the supply of road materials 
that the contractor shall take away the road dirt on receiving 
notice to do so from the surveyor or road labourer. The neigh- 
bouring farmers are sometimes ready to take the scrapings for 
use on their land, but they generally do it at their own time, 
and if the heaps are left on the road they get cut to pieces by 
the wheels, and washed into the side channels and outlets, and 
Tequire clearing up a second time before they can be taken 
away. Under such circumstances it is better to go to the 
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expense of cartage than to leave the dirt on the road. It is one 
of the advantages of having room outside the sod bordering that 
the scrapings can be deposited there, out of the way of all 
interference with the proper drainage of the road surface until 
they can be removed altogether. 

The amount of scraping which roads require is very 
different, according to the material used and the traffic on 
them ; and with the same material and traffic it varies a good 
deal with the situation. A hill requires little or no scraping com- 
pared with the flat ground at the bottom, and all damp and shady 
places need much more scraping than those that lie exposed. 

It follows from what has been already said (p. 57) relating 
to road detritus, that if we suppose the exact amount of 
detritus resulting from wear on a road to be removed, and to 
be replaced by new materials, the quantity removed would be 
less in bulk than the materials applied, whether the detritus 
were removed as dust or as stiff mud, but that in the latter 
case the weight would be increased by the addition of about one 
third the bulk of water, or by about one-fifth ; that is to say, 
on a road on which wear is exactly replaced, 1^ the weight of 
materials worn out would be removed as a stiff mud. Actually 
however this is modified by several causes. Some detritus is 
washed away, and on the other hand the quantity is increased 
by horse droppings, rubbish from houses, &c., and also by dirt 
from fields or other roads, and the proportion of water is often 
greater. It is not, perhaps, far wrong generally to put the 
weight removed as mud from a well-maintained road at IJ 
times the weight of materials worn out. 

When, from neglect in removing it, the road contains 
a large proportion of detritus, great quantities of mud can 
be scraped off in wet seasons, so as sometimes to lead to the 
belief that it comes from the subsoil. . A thorough removal 
of the superfluous mud is what a road which has been 
neglected or improperly maintained often requires most. The 
coating may contain plenty of stone, but mixed with perhaps 
more than twice as much mud as it ought to have, and until 
this is reduced to a proper proportion by continued scraping, it 
is impossible to get a good road. In such a case laying more 
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materials only hinders scraping, whicli cannot be done over 
unconsolidated stones. 

With the autumn rains the results of wear through the 
summer months appear as mud in considerable quantities on 
the surface of the road. The early autumn is, therefore, the 
time when scraping is most necessary, and it should be done 
whenever the weather is favourable for it, so that it may 
not be behindhand when the time for laying fresh materials 
comes on. 

The advantages of keeping the surface free from mud, and 
the body of the road hard, with no more than a proper proportion 
of detritus in it, are so great that there is generally no 
danger of scraping too much. It is, however, possible by over- 
scraping to increase the consumption of materials by removing 
stone of a size which would be stiU useful in the road, and also 
in some cases by increasing the wear of that remaining. On a 
good road in which the mud does not work up from the subsoil, 
and in which the amount of detritus is kept down by scraping 
to the proportion which is essential, the quantity of mud 
which appears on the surface and is scraped off is determined 
by the wear, and it should be replaced by an equivalent 
quantity of fresh materials. When, however, from want of 
funds or other cause, the new materials are insufficient to 
replace the wear, the road may get weaker in two ways. If 
the removal of mud is carried on to the full extent, the thick- 
ness of the coat will be reduced, while the proportion of mud and 
small stuff in it will remain the same. If the mud be only 
partially removed, the road coating will deteriorate by retaining 
a larger proportion of detritus. By which of these courses the 
strength of the road will be best maintained, whether by 
allowing the coat to get thinner with a smaller proportion of 
detritus, or by preserving thickness with a larger proportion 
in itj will depend almost entirely on the special conditions of 
the road. 

it must be remembered that scraping must always remove 
materials more or less useful in the road, as well as mud. It 
has already been stated that scrapings from very good lime- 
stone roads were found to contain one-third of small stone that 
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could not be washed through a cloth having twenty threads to 
an inch, and ranging to pieces J inch or more in diameter, 
when the roads were scraped under favourable conditions ; and 
it appeared that, of the whole coating of the same roads, about 
one-third consisted of such stuiBf as would be removed by 
scraping. These facts suggest caution in scraping when the 
materials used by wear are not replaced. On the other hand, 
a road containing a large quantity of detritus is more ajBfected 
by wet and frost, and wears more rapidly, perhaps by as much 
as one-third more, than a road with a full proportion of stone 
in it, so that, when a road is naturally wet, or the materials are 
soon acted on by the weather, there is danger in allowing the 
proportion of detritus to increase too much. A road of ample 
thickness may safely be scraped thinner, and it will generally 
be the best course where the subsoil is of a hard, dry, or rocky 
character, or over a paved foundation. 

Drainage, 

Attention to the drainage both of the surface and of the 
subsoil of a road is a matter of great importance. The wear 
of materials may be increased two or three fold on a badly 
drained road, which, after all, will never be good ; indeed, other 
care is almost entirely thrown away on a road of which the 
drainage is neglected. 

The good drainage of the surface depends on the preserva- 
tion of the cross section with sufficient and regular fall towards 
the sides, so that water may not hang about in puddles. It 
has already been pointed out (p. 12) that smoothness and 
fairness of surface are more important than either extreme 
convexity or any particular form of cross section. The latter 
may often be varied with advantage within certain limits to 
suit the situation ; and it always will be so, more or less, as 
maintenance goes on, but a fair surface to throw oS the water 
is essential. From the side channels, or water-tables, the 
water should be passed at once by outlets, or gullies, to the 
side ditches or other drains, and the course that it will take 
from any part of the road should be well known to the road- 
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man. On a level, the fall in the water-table is but slight, 
and the wash from the surface of the best kept road will lodge 
in it, and ajBford a soil for the growth of grass and weeds, and 
hinder the flow of water. On steep gradients the outlets 
from the water-tables are more liable to stoppage, and when 
this happens the water runs down the side channel and scours 
it, and perhaps breaks out and damages the surface of the 
road. Slight but frequent attention is therefore required to 
maintain the flow of water from every part of the road, by 
removing obstructions both in the water-tables and outlets. 
The scouring of the surface on hills, which is often the cause 
of great damage, mnst be guarded against beforehand. Every 
beginning of a water-course must be checked, and all points 
where water usually breaks out from the side channels, or 
where outlets or drains get stopped, should be watched and 
have attention at once in heavy rain. Outlets and drains 
should always be cleared after a storm, as, if another storm 
finds them unopened, great damage often results from the 
neglect. 

A thorough clearing out of both water-tables and outlets 
should take place in the autumn, as soon as the dry weather 
has passed. If all silt and road dirt is then removed down 
to the hard bottom, leaving nothing to give a hold to grass 
or weeds, this wiU generally be often enough for a general 
clearing up. The sod bordering should, at the same time, 
be trimmed with a spade by the aid of a line to fair curves. 
This, though very much aiding the flow of water, as well as 
giving a finish to the road, is not so essential as the opening 
of the outlets and the cleaning up of the side channels; and 
when time presses, it is sometimes necessary to open the 
outlets, and to trim the sod bordering and clear the side 
channels near them first before wet weather sets in, leaving the 
general cleaning up until afterwards. This, of course, involves 
some waste of time in the end, from going over thegrouud twice. 
Undue deepening of the water-tables in cleaning them, and thus 
converting them into steep-sided gutters, should be guarded 
against; There should always be a fair and gradual curved 
slope from the general surface of the road to the sod bordering. 
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Cleaning up the sides, trimming the sod bordering, and 
opening the outlets, is work which may be done by the piece, 
though it is doubtful whether there is any advantage in it. 
The work may be finished more quickly, from the men working 
longer hours, but there is the chance of its not being so 
thoroughly done, and if not, it will soon require doing over 
again. Under ordinary circumstances, a man can thoroughly 
clean up the water-table, trim the edges of the sod bordering, 
and open the outlets, of 6 to 10 chains of road per day. When 
there is little traffic, the work of cleaning the sides is 
heavier, and as little as 4J chains of road is a fair day's work ; 
and in dry situations, or where a considerable traffic leaves 
less cleaning up to do, a man may get over 12 or 14 chains 
of road in a day. 

Useful materials taken out of the water-tables can generally 
be disposed of on the road, or they may be laid aside for use 
with the fresh materials, and soil and dirt may be laid on the 
waste, or gathered in heaps for removal by farmers and others. 
Scrapings and dirt laid on the waste should be deposited quite 
away from the edge of the sod bordering, so that the latter may 
never be more than a few inches high. A steep slope of earth 
or scrapings, 9 inches or 1 foot high, is always mouldering 
away into the water-tables, and causing extra labour for clearing 
them. 

All side-ditches, back-ditches, and drains, require to be 
cleared out periodically, and the best time to do it is in the 
spring and simmier, the drier ones while the soil is moist and 
easy to move, and the wetter ones afterwards in the dry weather. 
Some ditches require to be opened every year, others far less 
frequently ; but they should always be kept clear. There are 
few things that show a neglected or badly managed road more 
than water standing in the side ditches or drains, and soaking 
up under the road. Whenever it is possible, the water level 
should be kept 1 foot at least, or even 2 or 3 feet, below the 
road, and to ensure this, the cost of additional drains or culverts 
would be often well incurred. 

Covered drains require examination from time to time, and 
all blind drains, composed of loose stones, have to be renewed 
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as they become choked up. Drains along the side of a road 
benched into a hill, to cut off the land water, should always be 
kept in good working order, and improved if the road seems to 
need it. 

A surveyor has, under the General Highway Act, consider- 
able powers with respect to the drainage of his roads. He has 
power to "make, scour, cleanse, and keep open, all ditches, 
gutters, drains, or water-courses, and also to make and lay such 
trunks, tunnels, plats, or bridges, as he shall deem necessary, in 
and through any lands, or grounds, adjoining or lying near to 
any highway, upon paying the owner or occupier of such grounds, 
provided they are not waste or common, for the damages he may 
sustain thereby, to be settled and paid in such manner as the 
damages for getting materials in inclosed lands or grounds are 
to be settled and paid," * and the owner or occupier may hot 
alter, obstruct, or interfere with such ditches, &c., without the 
consent of the surveyor. 

Whatever duty exists on the part of owners of lands 
adjoining highways to cleanse and scour ditches appears to 
extend only to the prevention of nuisance, or obstruction to 
passengers, and not to the drainage of the road. 

Farmers are often willing to clear out the side-ditches for 
the sake of the soil obtained from them, and are apt to deepen 
them unduly where stuff fit for their purpose can be got, and 
neglect them in other places. It is better,, therefore, that the 
work, if not done by the road labourers, should be done under 
their direction, so that the ditches may be regularly opened 
throughout, and when they require it. 

On hills, side-ditches sometimes scour deeper and deeper 
till they become dangerous. This can be prevented by small 
weirs of fascines and stones, made by the roadmen at a nominal 
cost. 

The effects of hedges and trees, especially on the south side, 
in keeping roads wet, and the injury thus caused, particularly 
on a clayey or imperfectly drained subsoil, have been already 
mentioned. The General Highwg^y Act t provides that, if the 
surveyor shall think that a road is prejudiced by hedges or 

* 6 & 6 Wm. IV. cap. 50, sect. Q7. t Ibid., sect. 63. 
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trees, he may summon the owner to appear before the justices 
at a special sessions for the highways, and if they shall order 
the hedges and trees to be pruned and lopped, the owner shall do 
so within ten days, under a penalty, and the surveyor, in case 
of default, may do the same at the owner's expense. The term 
owner is made to include the occupier by the interpretation 
clause. 

No person is compelled to cut or prune hedges at any 
other time than between the last day of September and the last 
day of March, and trees planted for ornament or shelter are 
excepted. 

These provisions should be enforced, but with discretion and 
tact on the part of the surveyor, as there are few parts of his 
duties more liable to bring him into collision with owners and 
occupiers of land. 

Watering. 

For the sake of the road itself, a road, except one of a sOicious 
nature, seldom requires watering in this country. In very dry 
weather judicious watering binds the surface of a gravel or flint 
road, and lessens wear, but on other materials, even when done 
sparingly, it softens the road and increases the wear. In and 
near towns watering is necessarily practised for the comfort of 
the inhabitants, but it should be done in moderation, sufficiently 
to lay the dust without softening the road. The amount of 
watering required may generally be considerably reduced' by 
preventing the accumulation of dust, by sweeping either com- 
bined with slight watering, or early in the morning while the 
dust is laid by the dew. By far the greater part of the nuisance 
from dust may be avoided by removing the mud. It is too 
often the practice to leave the mud on the road, and, when it 
dries to dust, to reconvert it into mud by copious watering. 
Watering is sometimes useful when mud is sticky, to prevent 
the tearing up of the surface by the wheels, and it may some- 
times be advantageously combined with scraping or sweeping. 
The mud, when rendered soft and almost liquid by watering, is 
more easily removed, and grit of a useful size is left behind on 
the road. 
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Mr. Santo Crimp states * that a fall of '04 inch of rain will 
lay the dust on a well-kept macadamised road, and also effect a 
very slight washing, and that that amount, or about one-fifth 
of a gallon per square yard is the usual quantity of water which 
he spread at one watering at Wimbledon, where the roads were 
watered on 132 days in a year. In the metropolis it is usual 
to allow for 130 days watering, and the records of rainfall at 
various places show that from 120 to 130 is generally the 
number of days on which less than • 04 inch of rain is registered 
in the six summer months in this country, the days on which 
no rain is registered being about 100. The total annual rainfall 
has some influence, but the niimber of days on which less than 
•04 inch is registered appears to vary much less than the total 
rainfall 

Ordinary water-carts contain between 220 and 300 gallons, 
and deliver about half a gallon to the square yard of road, 
spreading it over a width of 12 to 16 feet. When wateriag is 
performed by contract, much more than this quantity is often 
delivered. Deluging the road prevents the necessity of frequent 
watering, and the sooner the cart is emptied the better for the 
contractor. The holes of the distributor have been found en- 
larged for a quicker discharge of water, and a thick cast-iron 
distributor has been used to prevent it. 

According to a report of the town surveyor of Derby,f a 
superficial area of 23,849 yards can be watered by carts twice 
a day, being for a width of 4 yards, 5962 yards lineal, or for a 
double width, 2981 yards lineal, at a cost of — 

8, d. 
Hone, cart, and man 8 

Maintenance of carts, harnesB, shoeing, &c 15 

Total 9 6 per day. 

This is exclusive of the cost of the water. In Paris the 
total cost of watering with rather more than half a gallon to a 
square yard of macadamised road is said to be about ^d, per 
square yard. 

* Proc. Municipal and SanitAry Engineers, vol. zii. p. 235. 
t A Report, &c, by E. B. Ellice-Clark, 1876, p. 25. 
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The old-fashioned water-carts on two wheels are now generally- 
superseded by Bayley's patent hydrostatic vans, consisting of 
a wrought iron tank holding 450 gallons, mounted on springs 
and carried on four wheels, and drawn by one horse. They are 
no wider than an ordinary water-cart, but in consequence of 
improvements in the branch and distributing pipes they water 
a track 20 to 23 feet wide much more uniformly than a cart, 
and the outflow of water can be regulated by a valve. A great 
saving is effected by their use, as, in consequence of their holding 
a much larger quantity of water, less time is taken up in going 
backwards and forwards to refilL It is stated * that experiment 
has shown that a van will water an area of 161,000 square 
yards per day. The saving in London parishes by the use of 
the vans has been estimated at from 20 to 50 per cent. The 
first cost of a van is 60^., compared with 25Z. for an ordinary 
water-cart. 

In a trial in Eegent Street a van holding 450 gallons of 
water spread it 23 feet wide over 6746 square yards, being at 
the rate of a gallon to 15 square yards ; while a cart holding 
between 250 and 300 gallons of water spread it 16 feet wide 
over 2560 square yards, being at the rate of a gallon to 10 square 
yards. In each case the quantity of water delivered per square 
yard of surface was far less than is usual. 

In Mr. Santo Crimp's experience a van holding 450 gallons 
waters a length of 480 yards of an average width of 5 yards, or 
240Q square yards at the rate of '192 gallon per square yard, 
and Mr. Ellice-Clark gives the length as 462 yards of an average 
breadth of 17 feet 9 inches, or 2733 square yards at the rate of 
• 165 gallon per square yard. The cost is stated by Mr. Crimp 
to be l'92d, per 1000 square yards for water at 10c?. per 1000 
gallons, and 1 • S7d. per 1000 square yards for watering, together 
3' 29c?. per 1000 square yards. 

Willacy's watering machine is fitted with horizontal rotating 
spreaders actuated by the wheels. As the cart proceeds the 
spreaders revolve and throw the water to a width, it is said, of 
33 feet. The machine is well spoken of. 

Street watering is sometimes effected by a movable hose and 

♦ Report by the Surveyor of the Parish of St. Marylebone. 
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jet, or by light iron pipes jointed together and carried on small 
trucks, in connection with the hydrants, and the system of 
Messrs. Brown and Co., by which the water issues in small 
jets from perforated pipes laid along the kerbs of the footway, 
has been tried in the City and elsewhere, but has not been much 
used. 

In sea-side towns sea-water is used, the effect of which is to 
keep the surface moist, so that less than half the quantity of 
water is required to keep the dust effectually laid. A skin also 
forms on the surface which tends to bind silicious roads together. 
The only objection to the use of sea-water appears to be the 
injury that may be done to ladies' dresses, or coloured fabrics 
exposed for sale by excessive or careless watering. 

A patent has been taken out by Mr. W. J. Cooper for 
mixing chlorides of calcium and sodium with the water for 
street watering, in the proportion of J lb. or 1 lb. to a gallon 
of water. It is said that the surface of the road is not only 
kept moist by the deliquescent salts, but that they have 
an effect of concreting and hardening the surface of a mac- 
adamised road, so that little dust arises from it when dry. ' It 
has been found in Paris that the use of these chlorides produces 
a very good eiBfect for the first twenty-four hours, after which 
slight additional waterings are required, and the process must 
be recommenced after the fourth day. Instead of moistening 
and refreshing the air as common watering does, the employ- 
ment of deliquescent salts robs the air of the humidity which it 
contains. 

Repairs beyond Ordinary Maintenance, 

On a bad road the ordinary processes of maintenance have 
to be applied to something beyond keeping up the condition of 
a road already in a good state. The first thing to do is to 
examine the road and find out the cause of its badness, and 
ascertain, by pitting or sounding, its composition and thickness. 
If the coating is thin and so mixed up with the subsoil as to 
have lost all consistence, it may be necessary to form a new 
coating on it of sufl&cient thickness to stand without being cut 
through and mixed up with the old surface; and it may be 
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neoeaaary to lay on a thickness of more than one stone at onoe. 
In many cases continual scraping comhined with small patches 
of new materials to give form to the road ia enough, there being 
sufficient thickness and plenty of stone, hut, from neglect, too 
much mud. It may take several years to form a solid compact 
coating, and as the scraping reduces the thickness, large stonea 
may have to he taken up, but the rest of the snifeice should not 
be disturbed if it can be avoided. The treatment which a bad 
road may req^uire may range from ordinary maintenance to the 
reforming deacribed in Chapter II. One thing, the drainage, 
will always be an important matter to attend to in any attempt 
to improve the condition of a road. 

Besides the ordinary wear from the traffic and weather, 
there are damages which arise from unusual or accidental causes, 
which must be dealt with specially according to circmastances. 

AVhen a road has been broken up by frost and thaw, the 
heat remedy is to consolidate it again by rolling, If this ia 
impossible, it shovild be left to the traffic to consolidate it, with 
ra5dng and attention on the part of the roadman. Spreading 
fresh stones on a surface already disintegrated only adds to 
the quantity of loose materials, and is rarely right, though 
patches may he useful here and there. 

Holes are sometimes broken in the crust of a thin, worn road, 
under unfavourable circumstances of traffic and weather, and 
the subsoil works up and mixes with the road-coating, forming 
what is sometimes locally called a " mustard-pot," into which 
a horse's foot will plunge to a considerable depth. The cause is 
always water in the subsoil, sometimes from springs, and though 
drainage ia the general remedy, coupled, on a bad bottom, with 
an increase in the thickness of the road-coating, the mode of 
promptly repairing these dangerous holes must depimd upon 
the nature of the subsoil. If it be muddy or boggy, putting 
down broken stones is useless, as it soon works into the soft 
bottom. The whole, or a considerable thickness of the latter, 
must he dug out, and large stones, flat if possible, must be laid 
as a foundation for 4 or 5 inches of road materials. On a 
sandy bottom broken stone alone may often succeed. In any 
case the water must he tapped and led away by a drain. 
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The passage of exceptionally heavy loads, such as a traction 
engine and its trucks, sometimes breaks through the crust of a 
weak road, and makes a succession of holes of this sort, at 
points where the coating is thin or the subsoil soft. Eepeated 
passages may form a pair of continuous tracks, 2 or 3 feet wide, 
in which the road coating is entirely destroyed and mixed up 
with the subsoil It is useless to attempt repairs by adding 
more materials on the surface, as they are swallowed up and 
wasted. Everything, down to a firm bottom, must be dug out 
and removed, and the space must be filled in with stone, which 
may be of large size at the bottom. The drainage should 
always be looked to, and improved if it requires it. The stuff 
dug out of the road may be raked over when dry, to separate 
the useful metalling from the clay. Such repairs have some- 
times certainly cost between lOOZ. and 200Z. per mile, and it 
has been stated that in some cases the cost has been at the 
rate of as much as 5001. per mile. 

The expenses incurred in repairing a road damaged by 

excessive weight or extraordinary traffic can be recovered 

by the road authority. By section 23 of the Highways and 

Locomotives (Amendment) Act, 1878,* " where by a certificate 

of their surveyor it appears to the authority which is liable or 

has undertaken to repair any highway, whether a main road 

or not, that, having regard to the average expense of repairing 

highways in the neighbourhood, extraordinary expenses have 

been incurred by such authority in repairing such highway by 

reason of the damage caused by excessive weight passing along 

the same, or extraordinary traffic thereon, such authority may 

recover in a summary manner from any person by whose order 

such weight or traffic has been conducted the amount of such 

expenses as may be proved to the satisfaction of the court 

having cognisance of the case to have been incurred by such 

authority by reason of the damage arising from such weight or 

traffic as aforesaid: provided that any person against whom 

expenses are or may be recoverable under this section may 

enter into an agreement with such authority as is mentioned 

in this section for the payment to them of a composition in 

♦ 41 & 24 Vict. cap. 77. 
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respect of such weight or trafl&c, and thereupon the persons so 
paying the same shall not be subject to any proceedings under 
this section." 

The Act thus recognises the principle that those who damage 
roads by bringing upon them weights which they are not fitted 
to carry should bear the cost of the repairs, and if this could be 
enforced in practice, it would be a far better protection to the 
roads than bylaws regulating the width of the tires of the 
wheels. 

Holes or trenches dug to get at or lay gas or water mains, 
and carelessly filled in, in wet weather sometimes cause trouble- 
some places in a road. Properly ramming the stuff refilled in 
the hole or trench, and putting on a suflBcient thickness of 
metalling at first, so that the wheels shall not cut through and 
mix it with the subsoil, will prevent this, and it is better not 
to raise the filling-in too much at first above the road surface. 

In descending a hill, heavily loaded waggons, or timber 
carriages, are apt to keep one wheel in the water-table by way of 
a drag, often either breaking down the road-coating or bending 
it into a series of undulations. Fresh materials will not remain 
in the hollows thus formed so long as the heavy traffic continues, 
and it is of no use to lay them. Afterwards the sides must be 
levelled with a pick and coated. 

Bridges, culverts, and drains, especially where they are 
exposed to the action of quickly running water, require watching 
by the roadmen, and examination from time to time by the 
surveyor. The scouring away of the bed of the stream and the 
imdermining of foundations are the most frequent causes of 
damage where bridges or culverts have been buUt without an 
invert. The lower ends of culverts are particularly liable to 
be undermined. An invert, or a pitched apron with timber 
sills, is often required to protect foundations thus exposed, but 
a good deal may be done to prevent damage by checking the 
scour by weirs at the lower end, or by other suitable means. 
Obstructions generally occur at the upper ends of culverts, 
and they should be removed at once. A stoppage in heavy 
rain will be the cause of great damage from scQuring the surface 
of the road, and in hilly countries the road itself may be washed 
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away. In fine weather slight repairs can be done at a nominal 
cost which will prevent damage to the extent of many pounds 
in a storm. 

Obstructions from Snow, &c. 

If any impediment or obstruction shall arise on a highway 
from accumulation of snow, or from falling down of the banks 
on the side, or from other cause, the surveyor is required,* 
jfrom time to time, and within twenty-four hours after notice 
thereof from a justice of the peace, to cause the impediment or 
obstruction to be removed. Clearing away snow is on some 
roads almost an annual expense, and on some exposed places it 
is sometimes worth while to keep a snow-plough ready for use. 
This consists of two planks shod with iron and fastened 
together in a V> which can be drawn by a horse, point first, 
through the snow, clearing a track wide enough for a vehicle 
to pass along. A useful size is made of two 9-inch planks about 
8 feet long spreading to a width of 8 feet, and joined by a 
platform which can be loaded with stones. Snow-ploughs can 
easily be improvised for use on an emergency. They are useless 
iu heavy drifts, which must be cut through by men. 

Narrowing an Over-wide Boad, 

Considerable economy can often be efiected in the cost of 
maintaining a road by narrowing it to suit the requirements of 
the trafl&c where it has fallen off. It is sometimes difficult to 
induce roadmen, and even surveyors, to give up excessive width 
in a fine broad road from which the greater part of the traffic 
has been diverted by railways. It is sometimes said that the 
traffic is the measure of the wear of the road, and that the 
result is the same whether it be distributed over a wide or a 
narrow road. But except in crowded thoroughfares, where the 
vehicles are obliged to use the whole width of the road, this is 
far from being the case. The traffic has a strong tendency to 
keep to one track, and the rest of the road, although it may be 

* ^&iQ Wm. IV. cap. 50, sect. 26. 



128 THE MAINTENANCE OF MACADAMISED ROADS. 

little worn by the passage of vehicles, is subjected to all the 
action of the weather, and requires almost as much labour for 
scraping, &c., as the part used by the traffic. The grassing over 
of the sides is a sure indication that the metalled surface is 
wider than necessary, and affords a means of judging to what 
extent it can be narrowed. 

The new width should be regularly defined by a turf border- 
ing, which will not prevent the passage of wheels over it on an 
emergency. Block stones may be used to protect the edges of 
the turf, but they should not project beyond the sod to form 
dangerous obstructions. Some attention to the new water- 
table will perhaps be required, and it is often best to leave the 
former water-table as a back drain, and connect the new one 
with it at frequent intervals by outlets through the turf 
bordering. 

The result of narrowing the metalled surface is often not 
only a reduction in cost of maintenance, but an improvement 
in appearance, as a road too wide is generally irregular and 
dirty. 
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CHAPTER X. 

MANUAL LABOUK. PEOPORTION OF EXPENDITURE ON MATERIALS 

AND ON LABOUR. 

Manual Labov/r. 

The constant attention which a road requires to keep it in 
good order is best secured by putting a labourer in charge of a 
certain length. Eoad maintenance * has been said to be an 
incessant contest of a man aided by a few yards of broken 
stone, and a few simple tools, against the constant action of 
the traffic and the weather, and it is certain that in nothing is 
the maxim, that " a stitch in time saves nine," more applicable. 

In 1819 working foremen were placed in charge of lengths 
of from four to six miles of the Holyhead road between 
Shrewsbury and Bailgor, having under them a sufficient 
number of labourers to keep the road in proper repair. 
Telford says :* — " A certain number of labourers ought always 
to have the care of the surface of the road and never quit it 
for a single day to do anything else ; they will always have 
sufficient to do in spreading fresh materials in ruts and hollows, 
in scraping the road, in cleaning out the side channels and 
keeping open the water-courses, and generally in maintaining 
theroad in a clean and sound state. A few men constantly so 
employed will do a great deal towards the preservation of a 
road, while the greater number of workmen should be as 
constantly employed in providing materials by contract work." 

The duties of a constant road labourer could hardly be more 
succinctly described. 

The "Greneral Eules for Eepairing Eoads," issued at the 
same time by the Parliamentary Commissioners, to the turnpike 
trustees on the Holyhead road between London and Shrews- 

♦ Report on Holyhead Road, 1823. 
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bury, contain no such recommendation ; but, on the contrary, 
the discontinuance of all labour by day wages as much as 
possible is insisted upon as essential. This was probably with 
a view to getting rid of the old paupers then employed on the 
roads, whose work was no doubt almost useless, and in the end 
wasteful, but as these rules were published, and looked upon as 
setting forth the proper principles of road maintenance, the 
result appears to have been that the employment of men in 
charge of a certain length of road did not become general, 
though the constant attention given to the roads under both 
Telford and McAdam was one important cause of their im- 
provement. 

In 1833* labourers called milemen had been for several 
years in charge of one mile of road each, on the Windsor and 
Bagshot roads, under Sir J. McAdam. They had assistant 
labourers when required, and it was considered that two men, 
working under a practical and skilful mileman, were equal to 
three men working independently. Eewards were given every 
year to deserving milemen, and a good deal of emulation was 
produced among them, and it was found that a less quantity 
of materials was consumed. The Committee of the House of 
Lords before whom this was given in evidence reported that 
"the measure of employing permanent milemen, with occa- 
sional assistant labourers on the roads, has combined such 
indisputable advantages that we do not hesitate to recommend 
its more general adoption." This recommendation appears 
not to have been much attended toj for in 1841 the successful 
organisation of such a system in this country was claimed as a 
novelty by Mr. Chaloner,t who appears to have become 
acquainted with it in France, where " cantonniers " had long 
been in charge of lengths of road. 

At present in France each cantonnier has a portion of road 
called a canton under his charge, and about six cantons compose 
a brigade under a chief cantonnier who has a shorter length than 
the others, and is expected to pass over his brigade once a week 
at least. The men wear a distinctive dress, and they mark their 

♦ Sir J. McAdam*s evidence, Select Committee on Turnpike Trusts, 1833. 
f Journal of Royal Agricultural Society, vol. ii. p. 353. 
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place of work by setting up a measuring rod surmounted with 
a mark showing the number of the canton. They keep a sheet 
on which they enter the work done by themselves and their 
auxiliaries, and a book wherein notes and orders are entered. 
A code of rules prescribes the conditions of service, the hours of 
work, and in some detail the manner in which work is to be 
done, and discipline is enforced by fines and rewards. A trans- 
lation of these rules, which are for the most part applicable in 
this country, is given in Appendix I. 

In 1845, when the system on which the county roads of 
South Wales were managed was organised by the late Sir H. D. 
Harness, E.E., constant labourers were put in charge of various 
lengths over the whole of the roads. The experience of forty- 
three years on roads of all sorts, from the streets of seaport and 
manufacturing towns to mountain roads, has fully proved the 
advantages of the plan. Skilful, practical, and industrious road 
labourers have been obtained, who take a pride in their road, 
and are capable of directing to the best advantage the labourers 
they have to assist them. 

The constant labourer has entire charge, under the surveyor, 
of his portion of road, and is responsible for the work performed 
by the assistant or casual labourers employed under him. He 
also sees that the instructions given by the surveyor to con- 
tractors and others are properly carried out. It should be his 
constant care to prevent the formation of holes, ruts, or hollows 
in the surface, and thus prevent or lessen the wear from the 
traffic or the weather ; and this forms quite as important a part 
of liis duties as the application of fresh materials for repairs. He 
should be on his road all day, wet or dry, and no excuse should be 
allowed for absence. During rain it is particularly necessary 
that he should be on his road. He can then see where the 
water-tables need clearing out or lowering, where the outlets 
to the ditches require opening, or where a culvert or drain is 
choked; and a little attention on a wet day will often prevent 
ninch damage, and save much after labour and expense. Wet 
weather is often the most favourable time for scraping, and the 
imeveiiness of the surface is then also most a,pparent, and shows 
where patches of materials are required. 
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In storms of heavy rain the roadman should go at once to 
any point likely to suffer from breaking out of water, but, 
except in cases of emergency, he should go regularly through 
his beat, giving to each part the time it needs. Much time is 
wasted in running from one point to another, and the road is 
unequally attended to. A good roadman soon becomes familiar 
with the length under his charge, and knows what part will 
repuire his attention under the various conditions of the weather, 
and the best way of dealing with it, and he will keep his 
road in a superior condition with far less materials and labour 
than a less experienced man. Without very good reason, a 
man should not be moved from the road under his charge to a 
fresh length. When a man by his skill and attention has 
brought his length to good condition, it is discouraging to him 
and to other good men to move him, even should it appear to 
be for the benefit of another length. 

Considerable intelligence and aptitude, as well as the super- 
vision of a surveyor who understands his work, are required to 
make a good roadman. Some men, however industrious and 
well-trained, never become good roadmen, and the surveyor 
should be allowed a good deal of liberty in his selection of 
proper men, and in determining their wages. It must be fully 
recognised that the surveyor can be but seldom at hand to give 
orders, and that much must be left to the initiative of the 
roadman, who must day by day accommodate his work to the 
weather, and to get and keep good men proper wages must be 
paid. The false economy of paying low wages to unskilled men 
is evident. A shilling a week in wages represents the value of 
from 5 to 8 cube yards of materials, and it is certain that a good 
roadman will save much more material than that out of the 
200 or 300 cubic yards he may use on his length, which would 
be absolutely wasted by an incompetent man. 

The division of roads into lengths, each under one man's 
charge, makes it easy to compare one man's work with another's, 
and to excite emulation among them. In some of the counties 
of South Wales a sum of money was distributed annually as 
premiums among the most deserving constant labourers, and 
was foimd to be of value as an encouragement. In other 
counties it was found to provoke jealousy, and was either 
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abandoned or every constant labourer had his share, unless 
there was special reason to the contrary. The general good 
condition in which the road is kept, economy in use of materials 
and casual labour, regularity and punctuality, should all be 
taken into account in allotting the premiums. 

The constant labourers should be required to keep books in 
which to enter an account of how they occupy their time, and 
the time of the casual labourers employed to assist them. The 
pages may contain columns headed with different descriptions 
of work, such as scraping, laying stones, raking, cleaning sides, 
and other work, so that the labourer need enter only the time, 
in days or parts of a day, under the proper heading. These 
accounts are very useful as a check of the men's work, and as a 
means of comparing constant labourers one with another ; but 
they should not lead the surveyor to slacken his personal 
attention to the men. The form of a constant labourer's journal 
is given in Appendix II. 

The employment of constant labourers by contract or piece- 
work in cleaning the sides, scraping, and spreading stone, is not 
advisable. The interest of a constant labourer should be the 
good of his road, and while a good man will work as well by 
day-work as if he were on piece-work, another may be tempted 
for his own interest to get over his piece-work in a superficial 
manner, leaving it to be more thoroughly done when he is on 
day-work. Such work as cleaning the side channels or water- 
tables, and opening outlets, if not thoroughly done, soon requires 
to be done again, from the growth of grass and weeds in the dirt 
left behind. Any task work is best done by casual labourers 
working under the eye of the roadman in charge of the length, 
but even then spreading stones by the cube yard is very likely 
to lead to a waste of materials, and entail more after-attention. 

Working foremen are sometimes employed under a surveyor 
to superintend the labour on the roads. A foreman should be a 
skiKul workman, able to show to others, tool in hand, how work 
should be done. He may have a short length under his own 
charge, but not too much to prevent his passing frequently over 
the other lengths which he is to superintend. He should keep 
a journal, and note in it what he does himself, and what he finds 
the other men doing when he visits tSiem. 1\\ft dx^NqWO«.*^ 
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the employment of working foremen is that it leasens the 
responsibility of the labourers in charge of lengths of roadB, 
and when they ai'e well-trained and tmstworthy men, any 
other superintendence than that of a good surveyor is seldom 
required. 

The tools used by a roadman are, a wheel-harrow, spade, 
shovel, mattock, pick, rake, scraper, stone hammers, and a reel 
and line. Near towns brooms are required. It is usual for the 
labourers to provide their own tools ; but this haa been some- 
times found to lead to the use of iuferior tools, and a waste of 
labour. The men may with advantage be required to keep 
their tools in repair, having an allowance for the purpose. 
Blacksmith's bills for repairs of tools cannot be checked by the 
surveyor, and are often considerable. The machine scrapers 
are always provided for the men, and there should be a machine 
in charge of the constant labourer on every length of road. 
Wheelbarrows are sometimes provided likewise. 

The tools of the country are usually employed rather than 
the special tools for road work figured in the " General Rules 
for Repairing Roads" issued in 1819, and copied up to this 
time in treatises on road-making. It is, in fact, difficult to get 
men to use tools they are not accustomed to. The pronged 
shovel for laying stones is never used ; it would leave behind a 
good deal of useful material when the stone is broken to a 
small gauge. The road level is not used in road maintenance ; 
and for forming and testing the cross section of roads, ordinary ■ 
levelling and *' boning," supplemented by the eye of the work- 
man, are generally found more convenient. The road level 
resembles in general form the ordinary bricklayer's level, con- 
sisting of a straight-e(%e long enough to reach from the middle 
to the side of a road, having an upright in tlie centre supported 
by braces and carrying a plum-bob by which the straight-edge is 
set level. Gauges attached to the latter can be adjusted to 
any offset from the lower edge to give the profile of the road. 

With moderate traffic, such as on main roads in the country, 

the length which can be most advantageously placed tmder the 

charge of one man is that on which, when the materials are 

I supplied ready broken, the roadman's time will be fully utilised 
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all the year round, and which he can keep in good order with 
help from casual labourers during two or three months in the 
autumn and winter. This length will depend on many local 
circumstances, such as the traffic, breadth, situation, and 
materials of the road. Through a town or village the labour is 
much greater than in the open country, and on a hilly road the 
care of the water-tables, outlets, and side-ditches, to -prevent 
water scouring the surface, may require, perhaps, twice as much 
attention as the same length of moderately level road. Soft 
materials, a bad or imdrained subsoil, or a situation sheltered 
by trees, entail much more labour. Whenever possible, the 
length should be such that the roadman can go over it all daily, 
and he should do so twice a week at least. On a long length 
this leads to waste of time, especially if the length be a portion 
of one road only, and not made up of several pieces of different 
roads lying near together. 

The length which may be best allotted to a man may, 

from these causes, be from two or three miles up to seven or 

eight, and it will always be a matter for the surveyor's judgment 

whether to give short lengths of road or longer lengths with 

more assistance from casual labourers when the work requires 

it. The work which casual labourers have to do is little more 

than an ordinary country labourer can perform, but they 

require the direction of the constant labourer how and when 

to do it, and they often waste much of their time when not 

working with the roadman in charge. It is therefore seldom 

well to have too many casual labourers, and two or at most 

three are enough to work to advantage imder the direction of 

one constant labourer. 

On roads on which there is a good deal of work to be done, 
a constant labourer may require the help of another man 
throughout the year, as well as additional men in the autumn ; 
while on unimportant roads the roadman may break stones 
during the summer months, or he may be permitted to do 
work not connected with his road. In such cases, however, he 
should always be considered to be in charge of his length, and 
ready to give his attention to it in any emergency, such as a 
heavy storm. 
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In France, where much more labour is given to the roads 
than is usual in this country, it is found that a cantonnier can 
employ about 260 cube yards of materials per year, and remove 
the corresponding detritus.* 

There is sometimes considerable difficulty in keeping down 
the amoimt of surface labour to what is absolutely necessary. 
The roadmen are necessarily a good deal without supervision, 
and they may waste their time, or neglect their work, if they 
are not trustworthy. Even with a good roadman the cost of 
labour may be unduly increased. The pride of a man in his 
road's appearance sometimes leads him to devote time to work 
which is superfluous or ornamental, and he may in good faith 
believe that he has too long a length of road, when in reality he 
could imdertake more, without the road being in any essential 
the worse. 

The great difficulty in arranging labour arises from the 
inequality of the work at different seasons of the year. In the 
summer months the surface of the road requires little beyond 
the general attention of the man in charge, who may employ 
most of his time in clearing out side-ditches which are too 
wet to be attended to except in dry weather, regulating the 
wastes, cutting weeds, and doing such repairs to culverts, 
drains, and other works on the road as may be necessary. He 
may break stone by contract or otherwise, or he may be permitted 
to work away from his road 

The autumn work on roads is generally commenced after 
harvest, as the additional men which are required are then 
more easily to be had. Cleaning up the sides cannot be well 
done in dry weather, but the constant labourer should take 
advantage of suitable moist weather to get forward with it, so 
that the water-tables may be cleared, the outlets to the side- 
ditches opened, and the sod bordering trimmed before the wet 
weather sets in. If the manual labour be allowed to get 
behindhand in the autumn, there is often little chance of roads 
recovering it until the winter is over. Scraping is very neces- 
sary as soon as rainy weather commences, to get rid of the 
mud which then forms on the surface from the effects of the 

* Debauve, Manuel de ringenieur des Fonts et ChauBs^es ; Routes ; p. 191. 
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wear in the summer. As soon as the cleaning up of the sides 
is finished, and the scraping is weU forward, the laying of 
materials in small patches should begin. The first patches 
should be laid in places naturally damp, and when the road 
generally begins to soften from the wet weather, spreading 
materials and scraping will take up all the constant labourer's 
time, and usually require casual labour besides imtil the middle 
of December, or even later. In the beginning of the year, after 
the great bulk of materials has been spread, less labour is 
necessary : only small patches to make good weak places which 
have shown themselves during the winter remain to be laid, and 
scraping is hindered by frost, and by the unconsolidated materials 
about the road. As the spring advances more scraping will be 
required in damp weather, and in dry weather the stones which 
have not worked in wiU require the roadman's attention, and 
must be raked off if they will not set. The spring and early 
summer is the best season for cleaning out side-ditches which 
are not too wet The stuff is moved easier when stiU moist, and 
it is well to get forward with work of this sort in the spring, and 
not to leave it till the autumn, when there is so much other 
work to be done. 

Proportion of Expenditure on Materials and on Labour, 

The outlay on manual labour and the proportion which it 
should bear to that on materials are important points for con- 
sideration both in preparing estimates and in regulating 
expenditure on roads. A certain amount of labour expended 
on laying stones, and in attending to them afterwards, and on 
sufficient care of the surface and under drainage, will be 
compensated for in the end by the saving in materials, and is 
therefore necessary for economy. The convenience of the 
public also has to be considered as far as possible, but while 
^hat is absolutely required for the good of the road is not 
neglected, labour should not belwasted, nor be employed on useless 
or merely ornamental work. This is more particularly necessary 
vhenthe funds are limited. Spending too much on labour for 
^^ecessary or ornamental work, instead of on materials, is 
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often a great cause of weakness in roads, and a surveyor cannot 
be too careful in keeping the amount of labour down to the 
lowest point consistent with real economy. 

Of the manual labour employed on roads, one portion con- 
sists of work connected with the materials used, such as 
spreading stones, raking and attending to them while con- 
solidating, and removing the mud to which they are ultimately 
reduced. On a well-kept road the amount and cost of this labour 
depend almost entirely on the wear, the quantity of materials, 
and the care with which they are used. It takes more time to 
spread stones in small patches, with the care necessary for their 
proper and economical use, than to lay them in large quantities, 
or without after-attention ; and, if the traffic is light, and the 
material hard, more after-care is required than where the traffic 
quickly works in the stone. The removal of mud wiU also cost 
more as the scraping is more frequent. 

Another portion of the labour comprises work which is, to 
a great degree, independent of the wear and the quantity of 
materials used, such as cleaning the water-tables, trimming the 
sod bordering, opening outlets, clearing out side-ditches, and 
attending generally to the drainage. These naturally vary a good 
deal in amount and in proportion on roads differently situated, 
though they may be nearly constant on the same road under 
ordinary circumstances. 

Dividing thus the cost of labour, it appeared that on county 
roads in South Wales on which 60 or 70 cube yards of materials 
were laid annually per mile; the average cost under the first 
head was from about Is. to Is, 7d. per cube yard, and that under 
the second head, from about 3/. 55. to 4Z. 10s. per mile per year. 
The total cost of manual labour thus approximately divided was 
from 7L 45. to 9/. I5. per mile of road per year, or from 25. to 
to 25. lOd. to a cubic yard of materials laid. These may be 
taken as the general averages for districts containing 70 to 90 
miles of country main roads, on which the men were employed 
aU the year at wages ranging from 155. to I85. a week, and had 
the materials delivered on the roads by contract, ready broken. 
In districts where the labourers were not employed on the roads 
during the sumnier, or were preparing materials by contract, 
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the labour was sometimes as low as 5/. per mile per year, and in 
more populous districts it was as high as 15/. per mile per year. 
In and near towns, the additional expense of frequent scraping, 
sweeping, and removing mud, more than counterbalances the 
saving in the labour of spreading when materials are laid in 
large quantities, and the cost of labour per mile is far greater. 

On the above roads, the cost of manual labour was generally 
from 30 to 40 per cent, of the combined cost of labour and 
materials, and sometimes a larger proportion when the state of 
the finances demanded retrenchment in the amount of materials. 
When a large quantity of materials is laid down the cost of 
labour is sometimes less in proportion. 

On parish roads in a highway district where the roads were 
well kept on the same system under a good surveyor, the manual 
labour cost about 4d, or 51, per mile per year, which provided 
sufficient labour for the economical use of materials, and for the 
care of the surface of the roads according to their relative 
importance, and the proportion spent upon manual labour was 
from 37 to 42 per cent of the combined cost of materials and 
labour. 

The returns of expenditure on turnpike roads and highways 
in England and Wales have not hitherto afforded trustworthy 
data from which either the actual or relative cost of manual 
labour and materials can be obtained. Other partial and scanty 
particulars appear to confirm the conclusion, to which observa- 
tion leads, that the road surveyors of this country generally 
trust to quantity of materials rather than care in their employ- 
ment. 

On the national roads of France, M. Dupuit estimated the 
manual labour connected with a cube yard of material at, on an 
average, rather more than one day's work. Other authorities 
give from f day to 1^ day per cube yard, and on the roads of 
the department of the Sarthe, under the system adopted by M. 
Dumas, which has been before aUuded to, the labour on a cube 
yard of materials reached 5i days' work. 

In a circular issued in 1850, fixing the bases on which the 
estimates for the national roads of each department were to be 
framed, and which was probably founded on the averages of all 
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France, the labour relative to the employment of a cube yard 
of material was given as 1 * 46 day's work, and the labour on 
accessory work as 64 days per mile, making together, for a road 
on which 60 cube yards of material per mile were used, a total 
of 152 days' manual labour per mile, which, at 25. 6d, per day, 
would amount to 191. per mile. 

In 1860 it appears* that, on the departmental roads, the 
maintenance of which cost on the average of the whole of France 
28/. per mile, the proportion per cent, of the cost of labour was 
44, of materials 42, and of accessory works 14 of the whole. 
The labour per mile thus cost about 12Z. 6s. when wages were 
about Is, &d. per day, equal to 20Z. 10s. per mile with wages 
at 25. &d, a day, and a larger amount was spent on labour than 
on materials. 

From a report presented in 1879t it appears that in 1877 the 
mean amount of the labour employed on a cube yard of 
materials on the national roads was 1 • 17 days, ranging from 
^ or I days to as much as from If to 3 days in different depart- 
ments. On maintaining the sides, ditches, slopes, &c., the mean 
amount of labour was 62^ days per mile, ranging from 24 to 
46J days in some departments, to 85 and 137 days in others. 
It is not evident to what these large differences, both in the 
amount of labour connected with the material, and that on sides, 
ditches, &c., are due. With reference to the latter it must be 
observed that much more work is generally done on the sides of 
the roads, which are often very wide, than is usual in this country. 
Other particulars of the actual and relative cost of manual labour 
will be given in the following chapter on the cost of road main- 
tenance. 

It is evident that very different results may follow according 
to the manner in which a given sum is expended on the 
maintenance of a road. Observation and local experience will 
guide an intelligent surveyor in partitioning the expenditure 
between materials and labour, but there are certain general 
principles always applicable. The chief care should be to 
replace the wear by a sufficient quantity of fresh materials, and 

* Documents statistiques sur les Boutes et Fonts, 1873. 
t Annales des Fonts et Chauss^, 1879, voL L, p. 316. 
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SO preserve what may be called the " capital value " of the road. 

When the funds are suflScient the only difficulty in maintaining 

this capital value lies in estimating the amount of wear which 

has to be compensated for by fresh materials, and this is 

generally done by experienced surveyors by observation and 

comparison, without the elaborate process of measurement before 

described. Eoads are, however, to be seen, with ample funds 

for their maintenance, and already quite strong enough, on 

which materials are laid year after year far more than sufficient 

to replace the wear, while the necessary labour is neglected. 

In such cases, while the thickness of the coating is increasing, 

the surface is often full of holes and muddy, or covered with 

Tmconsolidated materials and loose stones, and a better road 

might be obtained by employing more manual labour judiciously, 

and reducing the quantity of materials, in most instances with 

a saving in the total cost of maintenance. 

It generally happens that a limited amount has to be 
expended which must be apportioned to the best advantage. 
As a general rule, the greater the traffic is, the larger should be 
the proportion of the expenditure devoted to materials. Where 
the traffic is heavy, the full quantity of materials should be 
laid, even if the amount of labour has to be reduced to pay for 
it. The stones can be laid in larger sheets, and they will work 
in quickly with less attention than under lighter traffic. If, 
however, the quantity of materials be unduly increased at the 
expense of the manual labour, the spreading will be done with- 
out the proper care, and the surface work will be neglected, so 
that, while the road is getting thicker and stronger, it will also 
86t rough and out of shape. The consolidation of the materials 
Incomes besides a serious inconvenience to the traffic when more 
atones than can be readily worked in are spread without an 
wloqnate amount of labour. 

If, after the labour has been reduced as much as possible, 
the amount to be expended on materials is so small that the 
quantity will be insufficient to replace the wear, the road must 
of course get weaker, either by losing thickness or by contain- 
ing a less proportion of solid stone. But if the labour remains 
enough for the care of the surface, the road may even improve 
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in appearance while it is getting weaker, because there will be 
less materials to work in. Under the usual traffic^ and with 
judgment on the part of the surveyor, this state of things may- 
go on for several years without danger, more particularly if the 
road was originally strong. Thus take for instance a road on 
which the wear has been exactly replaced by 75 cube yards of 
materials to a mile. As 300 cube yards will coat a mile of 
road 5 yards wide one stone in thickness, 75 cube yards will 
coat one quarter of this surface, giving about | inch in thickness 
of consolidated road, which in the case supposed must represent 
the wear of four years, since the same part can only be coated 
once in four years, if the wear be supposed to be uniform over 
the whole surface ; i of f inch, or ^ inch, will therefore be the 
annual wear of surface, which has been- replaced by 75 cube yards 
of materials per mile in the case supposed, the composition of the 
road remaining the same, and thickness only being lost by wear. 
Suppose now that necessity causes the materials to be 
reduced from 75 to 60 cube yards per mile: then only one- 
fifth of the surface, instead of one-fourth, can be covered each 
year, and it will be five years instead of four years, before some 
part is coated, and in that time it will have lost 5 X ^^ or -J-^ 
inch of thickness, which will be replaced by f inch of con- 
solidated road ; -^^ inch of thickness, or one year's wear will 
thus be lost in five years, supposing all the detritus resulting 
from wear to be removed, and the composition of the road- 
coating to remain unaltered. If scraping be not carried to this 
extent, the same amount of thickness will not be lost, but the 
road will contain more detritus. In practice the wear will not 
be uniform over the whole surface, and the materials will be 
laid by a good roadman where the surface shows signs of weak- 
ness ; but it is evident that for several years there will be no 
appreciable deterioration in the road. Nevertheless, it must not 
be lost sight of that the capital value or the road has been 
drawn upon to cover insufficient revenue, and if it be not 
replaced, the increased wear of materials which always takes 
place in a weak road wUl certainly begin to tell sooner or later, 
and ?k general break up under some extra trafi&c or unfavourable 
weather may happen when not expected. 
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CHAPTER XL 

COST OF ROAD MAINTENANCE. 

The total cost of maintaining roads ranges between very wide 
limits. A road with little traffic, well drained, and exposed to 
the sun and air, with tolerably good materials at hand, can be 
kept in good order at a yearly cost of little more than a few 
pounds per mile for labour ; and a suburban road, or macadamised 
street, may cost many himdred pounds per mile per year. Unless 
the quantity of materials used, their price, and other particulars 
be taken into account, the cost per mile at which a road is 
maintained affords little real information, and may be mis- 
leading. 

The following particulars of the cost of maintaining 
macadamised roads are given with such details as are 
obtainable. 

In 1866 it was stated* that the yearly maintenance of the 
road over Westminster Bridge cost at the rate of 3300Z. per 
mile per year, the average wear of granite being 5^ inches. 
Regent Street is stated to have cost at the rate of from 3400Z. to 
3600Z. per mile per year, and the City Eoad 2300Z. per mUe, 
with an average wear of rather less than 3 inches of granite 
per year. The wear, however, was probably not measured, and 
what is given as such is most likely the thickness of the materials 
laid down. 

The cost of maintaining the macadamised roadway of 
Parliament Street was, for 1877, 25. 9|rf. per square yard, and 
for 1878, 3s. Id. ; Whitehall cost 2s. lOd. per square yard in 1877, 
and 3s. 2id. in 1878. The average cost of maintaining King's 
Road, Chelsea, and Sloane Street, was stated to be at the same 
time 2s. lid. per square yard per year, and in one portion which 

* Select Committee on Metropolis Roads ; Mr. Browse's evidence. 
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is narrow as much as 6». On the Chelsea Embankment, where 
the macadamised roadway is laid on a concrete foundation, 
12 inches thick, the cost was said to be I«. 4d, per square yard 
per year.* The cost of the macadamised roadway in Park Lane 
and Knightsbridge is given as 3«. 6d., and Grosvenor Place and 
Buckingham Palace Eoad as 3». per square yard.t In these cases 
Guernsey granite, at 16« to 18s. per cube yard, was the material 
used, and the cost of maintenance was exceptionally great. 

In a recent report by Mr. Santo Crimp the annual cost of 
the maintenance of the Victoria Embankment is stated to be : — 



Fence per sq. yd. 

Granite .. .. 9-00 

Picking up, rolling, &c 4*40 

Cleansing, and removing slop 9 * 43 

Watering 1-00, Water 0' 62 1'62 

Sanding 0*65 

25-00 



or 2s. Id, per square yard, and the annual cost of seven other 
macadamised streets is given as from Is. S^d. to 2s. 6^d. per 
square yard. 

The cost of the macadamised surface of 13 of the Brighton 
streets, including some of the principal thoroughfares, was 
ascertained by Mr. Lockwood to be, in 1887, per square yard : — 



Repairs 
Scavenging 


d, d, 
.. 0-69 to 13-42 
.. 2-78 „ 9-88 

.. 0-57 „ 2-03 


. . average 
• • IT 

>> 


d. 
7-11 
5-23 


Watering . . 


12-34 
1-14 




13 48 



The total cost of repairs, scavenging, and watering ranged 
from 7'27d. to 24*07 per square yard in different streets. 

The 11 miles 5 furlongs of the Metropolis Eoads, north of 
the Thames, on the London side of the toll-gates, in 1856 cost at 

♦ Stayton. Proc. Inst. Civil Engineers, vol. Iviii. p. 74. 
t Ellice-Clark „ „ „ p. 92. 
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the rate of 1350Z. per mile per annum; the 53 miles within the 
limits of the Metropolis. Local Management Act (including the 
above 11 miles 5 furlongs) cost at the rate of 761Z. per mile per 
year ; and the 68 miles beyond the same limits cost 268Z. per mile 
per year, exclusive of management, establishment charges, and 
toll-house repairs. 

It appears, from the annual reports of the commissioners, 
that the ordinary maintenance of the Metropolis roads north of 
the Thames, including water and watering roads, salaries, and 
establishment charges, was from 490Z. to 620Z. per mile previous 
to the abandonment of the roads within the district of the 
Metropolis Local Management Act, in 1864, when from 470 to 
580 cube yards per mile, principally of granite and hard stone, 
were used annually. Afterwards the annual cost for the 
remaining roads was 373Z. to 408Z. per mile, when from 380 to 
470 cube yards of granite, hard stone, gravel, and flints per mile 
were used. 

The following are the details of the ordinary expenditure 
per mile of road in the last year, which included the ;maintenance 
of the roads within the Metropolis Local Management Act 
district, and in the last year in which the roads outside that 
district remained under the charge of the commissioners. 

Cost op Maintenance op Metropolis Roads per Mile. 



Day labour, including men at the pumps during the 
watering season 

Digging gravel, and preparing materials by contract . . 

Team labour, including watering 

Ifaterials, including freightage, wharfage, &c 

Tradesmen's bills 

Bents of wharves and depots, taxes, water, lighting"^ 
gates, drain-pipes, and incidentals j 

Establishment, salaries, printing, stationery, advertising,^ 
office expenses, &c / 

Total per mile .. 



186^-4. 



£ 8. 

93 3 



133 


6 


274 


2 


16 


4 


25 


8 


32 12 


£574 16 



1871. 



£ 8. 

71 13 

65 8 

177 9 

12 15 

14 3 
31 3 



£372 11 
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In the former year, 1863-4, an average of 550 cube yards of 
materials per mile was used ; and in the latter year, 1871, an 
average of 413 cube yards per mile, the total quantity" consisting 
of 17,195 cube yards of granite and hard stone, 3781 cube yards 
of flints, and 6699 cube yards of gravel. 

The labour per cube yard of materials laid amounted in 
different years to from Is. 7d. to 3s., including men employed in 
pumping during the watering season, but not including those 
digging gravel and preparing materials. 

The cost of maintenance of the macadamised national roads 

of the department of the Seine may be given here for comparison. 

In 1876 it was, for :— 

£ s. 
Materials 167 14 per mile. 

Manual labour 134 19 



302 13 „ 



The quantity of materials used was 390 cube yards per 
nule. Wages were 2«. lid. a day, and manual labour cost on 
the average 7«. to a cube yard of material, and 2^ days' labour 
was spent on the maintenance of the surface of the road for 
each cube yard of material used. 

The annual reports on the state of the turnpike roads in 
the county of Edinburgh afforded information of the cost. of 
maintenance in considerable detail. The opposite statement 
of the cost per mile under different heads of expenditure has 
teen prepared from the report for 1877, and may be taken as a 
fair average of the annual expenditure. 

In each district the roads extended from Edinburgh to the 
fcoundaries of the county, so that the costs per mile are the 
Averages of rates varying widely with the traflBc and the 
s^ituation of the roads. 

The wages were about 18«. per week, and the materials cost 
^Crom 4s. 5d. to 7s. Id, per cube yard on the average. Manual 
labour cost from 30 to 36 per cent, of the combined cost of 
Xnaterials and labour. 

The published abstracts of the expenditure by turnpike 

tarusts do not give the lengths of the roads, but, deducing the 

t^tal mean length of turnpike roads in England and North 
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Wales from the figures given in the Seventh Eeport of the Local 
Government Board,* the following statement of the average 
cost per mile in 1874 and in 1875 under the different heads in 
the abstracts is arrived at. 

Turnpike Roads of England and North Wales. — ^Average Cost per 

Mnjs, 1874 and 1875. 



1874. 



1875. 



Materials, team IkboTir, statute duty 

Manual labour .. .. 

Tradesmen's bills, incidental expenses 

Improvements and land 

Repairs .. .. *., 

Salaries and law ., «. .. 

Total cost of maintenance according to abstracts 



£ 8. 
10 12 

13 11 

2 15 

14 



£ 8. 
10 11 

12 18 

2 12 

15 



27 12 
4 2 



£31 14 



26 16 
4 



£80 16 



There is no information as to the quantities of materials used, 
and unfortunately the relative cost of materials and of labour 
are not truly stated, as under the head of manual labour are 
induded large sums paid for repairs by contract, and payments 
for quarrying and breaking materials. Neither is the entire 
cost of maintenance included, as in many cases highway 
districts and parishes partially or entirely repaired the turnpike 
roads lying within them. The repairs of turnpike roads by 
highway districts alone appear to have cost 25,193Z. in 1875, 
and 27,484Z. in 1876, when only about three-fifths of the total 
length of highways were included in districts. 

In 1876, when roads formerly turnpike were repaired out of 
the common fund of highway districts, the cost per mile of the 
disturnpiked Metropolis roads in the Edgware district of 
Middlesex was 296Z. Is. per mile. In other counties the average 
cost ranged from 91, per mile in Suffolk to 75L 18s. per mile in 
Lancashire, the mean of the whole, excluding the Edgware roads, 
being 301, Is. per mile. 

These amounts are for repairs alone, exclusive of salaries, etc., 

♦ P. 245. 
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a proportionate share of which would be about IL 7$. per roile 
more, on the average. 

Here, again, there is no information as to the quantities of 
materials used, nor of the true cost either of materials or of 
labour. 

The cost of the repairs of the main roads constituted under 
the Highways and Locomotives (Amendment) Act, 1878, in 
highway districts, rural sanitary districts, and highway parishes, 
has been given since 1880 in Parliamentary returns. Prom 
them it appears that the average cost from the year 1881, when 
the system of main roads had been fully established, to the year 
ending 25th March, 1889, when the main roads came under the 
management of the County Councils, has been as shown in the 
following table. Eoads situated in districts of urban sanitary 
authorities are not included in the returns : — 



Average Cost of Bepaibs per Mile. 



Tear ending 
26th March. 



1881 
1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 



Main Roads in 



England. 



£ «. 
86 12 
37 19 



38 
37 
39 



1 
6 
8 



39 16 

41 6 

42 17 
42 18 



North Wales. 



£ 8. 

21 9 

21 11 

21 7 

22 13 
20 19 
22 0^ 
20 7 
19 1 
19 



South Wales 
County Roads. 



£ 8, 

22 4 

20 13 

20 13 

21 
21 13 
21 7 

21 14 

22 17 
21 7 



In diflTerent counties the cost per mile in 1881 ranged from 
41. 8$. in Merioneth, and 111. 4«. in Westmoreland, to 14SL 17s. 
in Middlesex, and in 1889 from 7L 15s. in Merioneth, and 181 in 
Westmoreland, to 240Z. in Middlesex. Neither the quantities of 
materials used, nor the cost of materials and of labour are given. 

In Herefordshire, where the main roads were maintained by 
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the aurveyora of highway districts, at first under the author's I 
saperviaion, and afterwards on the same system under Mr. J. 
Kirk, the coat of repairs pCT mile was, in 1880-81, 'S5l. 2s., and 
in 1887-88, 34/. 6s., the average of the eight years being 34/. 3s.„ 
including roads in urban SEinitary districts and short lengths of 
town streets costing in one case 113/. per mile on the average. 
Excluding streets, the roads cost from 20/. to 49/. per mile per 
year in different highway districts, the materials being Glee Hill 
stone, limestone, and pebble stone. Labour cost 28 -3 per cent. 
of the whole cost in 1881-2, gradually falling to 24 per cent, in 
1887-88, when it was 8/. 2s. per mile. It ranged from 20-4 to 
30 "8 per cent, of the whole coat in different districts, the latter 
rate being in the district in which the roads were best and most 
economically maintained with Clee Hill atone, costing about 10s. 
per cube yard. The q^uantity of materials used varied in 
different highway districts from 32 to 45 cube yards per mile of 
CJlee Hill stone, to 72 cube yards per mile of limestone, and in 
urban districts from 80 cube yards to 127 cube yarda per mile 
of Clee TTill stone, and higher rates in streets. 

The average cost of the South Wales county roads, which 
represented the main roads in England and North Wales, as 
given above from the Parliamentary returns, is the cost of road 
repairs only, as in the case of the main roads. In 1877 the 
average cost of these roads, exclusive of salaries, management, 
and general superintendence, which averaged 3^. 10s. per mile, 
was 24/. 5s. per mile, where an average of 68^ cube yards of 
material per mile was used. The table opposite gives the cost 
of maintenance per mile for each county and district under the 
different heads of expenditure, together with the number of 
cube yards of materials laid, the cost of labour corresponding to 
a cube yard of materials laid, and the proportion of the cost of 
labour to the total cost of repairs. 

It will be observed that, comparing whole districts, the 
average cost of maintenance varies considerably, and if single 
roads, or parts of roads, were to be taken, the difference of cost 
would be far greater, some being as little as 5/. per mile, while 
others with heavy traffic cost upwards of 350/. per mile for short 
lengths. 




I 
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contrast in the condition of similarly situated lengths of road 
with the same quantities of materials, when one is well attended 
to and another ill-kept, are thus made evident, 

As far aa circumstances permit, account should be kept of 
the actual quantities of materials spread on every mile or short 
length of road. The road may be divided into weU-ddined 
sections of known length, each as far aa possible of a uniform 
character throughout as to traffic, situation, &c., and the 
contracts for materials may be made with reference to theae 
lengths. When the heaps of stone are measured by the surveyor 
after deUvery on the roadside, their position should be noted, 
and the quantity delivered on each mile or short length may be 
recorded. "When this has been done, it is easy to arrive at the 
quantity used. The road labourer may keep an aocoont, 
which can be checked by the surveyor from the quantity 
delivered and remaining unexpended. The quantity used on 
each length should be reduced to cube yards of materials per mile 
of road, that comparison of one length with another may be easy. 

Statements of the quantities of materials received fram 
contractors, or prepared under the surveyor, the quantities laid, 
and remaining, should be prepared every quarter. The account 
of the quantities laid in the year may be conveniently made up 
for the financial yearendingSlst March, as little material should 
be laid in the spring after that date. Eecords of materials used 
may be conveniently kept in the form of a diagram, the number 
of cube yards per mile being plotted to a suitable vertical scale 
along a horizontal line on which the years are marked. The 
history of a piece of road for many years is thus seen at a glance. 

An account should be kept of the tools, machines, and other 
property belonging to the road authority, showing where and in 
whose charge they are, and a statement of this account should 
be prepared annually. 

Annual estimates of the cost of road maintenance should be 
made in detail, showing the number of cube yards, price per 
cube yard, and the total cost of the road materials intended to 
be used, the cost of labour, and any miscellaneous expenditure 
that may be required beyond the ordinary maintenance, for 
every mile or less length of road. When the miles are not 
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marked, the road should be divided into short well-defined 
sections of known length, which can be grouped together 
into larger divisions for recording the materials actually used. 

The form of estimate used for the county roads of South 
Wales is given in Appendix III. 

A summary of the cost of different roads or lengths of road 
included in the estimates may be afterwards prepared for general 
use, but detailed estimates should always be made in the first 
instance, "vrhether they are required by the authority under which 
the surveyor acts or not. 

The estimates for the French national roads are prepared 
with an elaboration not attempted in this country. The coeffi- 
cient of quality of each kind of material used, and the quantity 
used per kilometre, and per 100 collars and 100 tons of traffic, 
are stated as well as the total cost when delivered on the road. 
Manual labour is dissected so as to show the amount and cost 
of it per cube metre for spreading and attending to the 
materials, and per kilometre of road for maintaining the sides, 
ditches, &c. 

The expenditure set forth in the annual estimate may be 
considerably modified by the state of the weather during the 
year. A wet season may demand a greater outlay, both on 
manual labour and on materials, and tax the skill of the 
surveyor to use the means at his disposal to the best advantage. 
A dry and favourable year, on the other hand, may allow of a 
considerable saving, or the full amount of the estimate may be 
spent on a reserve of materials. 

The accounts of expenditure should be kept in such a form as 
will show plainly what is spent on road repairs, i.e. on materials, 
on manual labour, on miscellaneous repairs to culverts and other 
works; and what on salaries, law, management, and other 
establishment charges. The annual statements of expenditure 
on the South Wales county roads recorded this information for 
40 years, giving the cost of road repairs under the separate heads 
of materials, labour, and miscellaneous repairs in each county 
and district, and on ninety separate lengths of road, apart from 
salaries aud other establishment charges, and any special 
expenditure on improvements. There is no such record of the 
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coat of maintenance of either turnpike roada or highways in 
England, as from the manner in whieh the returns and abstracta 
were made they are nseless as information regarding road main- 
tenance. In the turnpike accounts under the head of " manual 
labour," payments to parishes, materials, and repairs by con- 
tract, were often included ; and under the head of " materials for 
surface repairs," contract work, team labour, &c. ; " tradesmen's 
bills," comprised repairs to works connected with the roads, toll- 
houses and gates, as well as stationery, printing, &e. ; and 
" incidental expenses " were made up of items of all aorts, 
whether road maintenance or establishment charges, watering 
and lighting, compensations, losses, &c. A similar confusioa 
existed in the statements of the expenditure on highways. 

Surveyors of highway authorities are now required to teep 
accounts according to a prescribed form, which seems to have 
been framed for the convenience of audit rather than with a 
view to any useful statistical information. It is, however, quite 
possible, while keeping the books in the prescribed form, for a 
aurveyor to embody all the iiiformation that wiU enable him to 
record for any length of road the quantity of material used, 
the cost of it when delivered on the road, the cost of manual 
labour on surface work, and of any miscellaneous expenditure not 
connected with the maintenance of the surface or works. This 
information is quite essential for maintenance on a proper system. 

Repairs iy Contract. 

The ordinary surface repairs of roads are sometimes let by 
contract, under the belief that men on day wt^es, and neces- 
sarily without close supervision, do not work as well as under 
a contractor. The advantages of repair contracts are doubtful, 
except in special cases, such as an outlying piece of road. 
Materials will often be carelessly used, and harm will arise from 
neglect and in other ways, unless the supervision is as close as 
a good roadman in charge of a length of road would generally 
require. Small contracts are the best, the roads being divided 
into sections of such a length that the contractor can himself 
superintend the work, acting as foreman over his men. The 
contract should be for a term of three to five years, terminable 
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at the end of any year by three months' notice to the contractor, 
and in case of neglect to carry out the contract, the road 
authority should be empowered to perform the work and deduct 
the cost from the sum to be paid to the contractor. The con- 
tractor should be required to find sureties for the proper fulfil- 
ment of his contract. A specification of the work to be done 
and the mode of doing it must be prepared, setting forth the 
quantities of materials to be provided on each length of road, 
the nature of the stone, the size to which it is to be broken, and 
how it is to be spread. The contractor should be required to 
keep open and in good repair all drains and ditches, side 
channels, footpaths, mounds, borders, &c., and to scrape the 
road and remove the scrapings. It may be specified that the 
road shall be scraped whenever there is J inch of mud on it, 
and that the side channels shall be cleaned out after every 
scraping. Payments should be made periodically, by instalments, 
according to the work done, on the certificate of the surveyor. 

Road Management 

Large areas of road management have been often advocated, 
and they are attended with many advantages. Uniformity of 
system and maintenance on correct principles under the super- 
intendence of persons of wider experience than the ordinary 
road surveyor tend to economy in road repairs, and if the ex- 
penses of management are not less in proportion, as is usually 
the case, the total cost of maintenance is generally lower in 
large areas. There are facilities for generalising any improve- 
ment of practice, and it is easier to purchase machines, such as 
steam road rollers, horse scraping and sweeping machines, or 
stone- breaking machines, and to use them to advantage. 

A well-know instance of road management on a large scale 
is that of the Administration des Fonts et Chauss^es in France. 
The opportunities which such an organisation aifords for investi- 
gation, and for collecting and generalising information, are 
shown by the documents issued by it, and by th,e many valuable 
memoirs on the subjects connected with road maintenance 
contained in the ' Annales des Fonts et Chauss^s.' 
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Management by county areas has been general in Ireland 
since the Grand Jury Act of 1836, and with the best results as 
to the excellence and economy of road maintenance. In many 
of the counties of Scotland both turnpike and statute labour 
roads were under one management for many years, and by the 
Eoads and Bridges Act of 1878 the system of county manage- 
ment was extended to all parts of Scotland. 

In the Isle of Wight all public roads were for many 
years previous to 1889 under one management, with good 
results. 

In South Wales the turnpike roads of six counties were 
managed from 1845 to 1889 by county roads boards, aided by 
district boards for local purposes, and the whole of the roads, 
nearly 1000 miles in length, were, until 1882, under one general 
superintendent. A uniform system was thus established, com- 
bined with the advantages of local management, under which 
the roads compared very favourably, both for excellence and 
economy, with other turnpike roads. The advantages of county 
management were in a measure extended to the ordinary high- 
ways. Under the South Wales Highways Act of 1851, the 
whole of South Wales was divided into districts by the county 
roads boards, in whom were vested the appointment and dis- 
missal of the surveyors of the highway districts and the fi yJTig 
of their salaries. Thus, the county roads boards had a certain 
control over the highway surveyors, which proved very beneficial. 

The Highways and Locomotives (Amendment) Act, 1878 
enlarged the areas of road management in England in several 
important respects, and gave the county authority a control 
over the authorities of the highway areas, while leaving to 
them the duty of repairing the roads within their district. 

By Section 7 the repairs of all roads within a highway 
district were made a common ch§,rge on all the parishes in the 
district, instead of being, as before, a separate charge in each 
parish. The enlargement of the area of chargeability was 
equitable, and there was a provision that a district might be 
divided with the approval of the county authorities into parts 
upon which to charge the expenses of the roads within them. 
The relief to parishes with more than their fair length of roads 
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was great, but it was otherwise with parishes with few roads in 
them, and they, to escape the increased highway rate, succeeded 
in some counties in breaking up the highway districts, of which 
; there are now 56 less than in 1878. This retrograde step was 
possible because highway districts in England were not made 
general. 

By section 10, power is given to the county authority to en- 
force the performance of duty by defaulting highway authorities. 

By section 13, roads which, within the period between 
December 31, 1870, and the date of the passing of the Act, 
ceased to be turnpike roads, and any roads which had after- 
wards ceased to be such, are to be deemed main roads, and by 
section 15 the county authority may make an order declaring 
certain other highways to be main roads. It was further 
enacted that one-half of the expenses incurred by the highway 
authority in the maintenance of a main road should be paid to 
the highway authority by the county authority "out of the 
coimty rate, on the certificate of the surveyor of the county 
authority, or of such other person or persons as the county 
authority may appoint, to the effect that such main road has 
been maintained to his or their satisfaction." 

The power thus conferred upon a central authority in 
each county had, when properly exercised, considerable influence 
over the maintenance of the main roads. The cost of such superin- 
tendence on the part of the county as would ensure maintenance 
on proper principles and check improper charges, was generally 
recouped by the saving effected in the moiety of the cost paid 
out of the county rate, while economy of maintenance was 
accompanied by improvement in the roads. 

The duty of maintaining the main roads of the county was, 
by the Local Government Act, 1888, transferred to the County 
Councils, except with respect to such roads as urban sanitary 
authorities claimed to retain. An opening for road manage- 
ment on a wider scale than has hitherto been possible in 
England is thus afforded, and one which, for the sake of economy 
and efficiency, it is to be hoped will be taken full advantage of. 
To do so it will be necessary to employ a staff of surveyors 
specially for the main roads, acting under the superintendence 
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of a county surveyor who would be responsible for the annual 
estimates of expenditure, and should besides carefully analyse 
and digest the actual expenditure, and record the quantities 
and nature of materials used on different roads or lengths of 
roads. The objection is sometimes raised that with one 
set of surveyors in charge of the main roads, and another 
set in charge of the ordinary highways, there would be 
two sets of surveyors going over the same ground, but this 
arises from an imperfect acquaintance with a road surveyor's 
work. He can only attend properly to such a mileage of roads 
as he can travel over often enough for proper supervision, 
whether they extend over the country or lie within a small 
area, and there need be no conflict of authority between the two 
sets of surveyors. There is none in France, where the national, 
the departmental, and the local roads have different organisa- 
tions ; and there was none in South Wales where there were 
separate surveyors for the highways and the county roads from 
the constitution of the highway districts in 1851 down to 1889. 
There was indeed a distinct advantage to the highway surveyors 
in having before them a pattern of good maintenance, and the 
highways benefited by it. The same result would follow in 
England. 

Instead of themselves maintaining the main roads, the 
Coimty Councils may contract with a highway authority to 
perform the work, and they may require any highway authority 
to undertake the maintenance of the main roads, for a payment 
to be agreed upon or. to be determined by arbitration. In 
either case the payment is to be made on the report of the 
county surveyor that the roads have been properly maintained 
and repaired. Contracts of this sort, whether entered into 
voluntarily or on the requisition of County CoimcUs, will, the 
author believes, prove unsatisfactory. In rural districts it will 
be almost impossible for the county surveyor to regulate, or 
even to know, what quantity of materials have been used on any 
road, and with parish surveyors the case will> be still more 
hopeless. In urban districts contracts may prove more prac- 
ticable. There must be a specification of the quantity and the 
nature of the material to be used on each length of road, of the 
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manual labour, and all other work to be performed, and the 
amount to be paid for the specified work must be agreed on 
beforehand. But there must be also provision for the employ- 
ment of an extra quantity of materials and of labour, should the 
circumstances of the year demand it, and this will require very 
careful arrangement. 

The necessity for records of annual expenditure, other than 
those required to be kept for the purpose of a money audit, has 
been pointed out. It is very desirable that counties should 
adopt some common form, showing plainly the cost of materials, 
of labour, and of any miscellaneous expenditure connected with 
the maintenance of the roads. Comparisons of the total cost of 
different roads, and of the proportion of expenditure on materials 
and labour, and on other things, would be facilitated, and a 
step would be taken towards gathering statistics relating to road 
maintenance which are at present wanting in England. Sur- 
veyors and others interested in road management would then 
have the means of knowing how roads were maintained in other 
counties and districts, and of intelligent comparison of the 
cost. The effect would certainly be to promote economy of 
maintenance. 
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CHAPTEE XIII. 

RECAPITULATION, 

It is evident that the maintenance of a road already in good 
condition and of suJB&cient strength, if properly carried on, is 
almost entirely a question of wear. With greater trafl&c, or 
a softer material, the wear will be faster, but with good 
maintenance there need be no deterioration. The problem 
is to reduce the wear, both from the traffic and the weather, 
to a minimnm ; and to substitute other materials for those 
which are unavoidably worn out, and to do so in th©: most 
economical manner. 

The conditions under which the wear will be reduieed to 
a minimum under a certain traffic are : good drainage of road 
and subsoil; materials sufficiently hard to resist the traffic 
without undue wear ; a coating without an excess of detritus ; 
a well-cared-for surface; and sufficient strength to bear the 
loads to which the road is subjected, so that wear may be 
confined to the surface. 

On very few roads are these conditions to be found, but 
their attainment should always be kept in view, and it is 
certain that in proportion as they are attained will be the 
economy of maintenance. 

Drainage almost always requires attention, and there is 
generally a good deal that can be done to improve it at a 
slight expense, and nothing pays so well in the end. Proper 
care of the surface is generally all that is wanted to prevent 
the water hanging about on the road, or in the side channels ; 
but a dry surface alone is not enough. On a flat, water may 
often be seen standing in the side-ditches up to within a few 
inches of the surface of the road, in which case both the subsoil 
and the road-coating are softened by the soaking of the 
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water, and remain so long after the water in the ditches has 
fallen. A deeper ditch, a larger or a new culvert, or a 
drain cut through adjoining land, is generally sufi&cient to 
remove a cause of great mischief. Springs under the road, 
and land water from the side of a hill when the road is situated 
on a hillside, not properly cut off and led away, can often be 
thoroughly dealt with at a trifling cost compared with the 
expense they cause. 

There is generally some choice of road materials to be had 
even from local sources of supply, and if that at hand is not 
strong enough to stand the trafl&c to which it is exposed, it 
will always be a question whether it will be more economical 
to go farther for a better material at an increased cost. 

The road-coating may often be improved in composition 
and rendered harder by scrapiog, and a tolerably good surface 
can be obtained under almost any ' disadvantages by proper 
attention to it. The influence which a good surface has in 
keeping down wear is greater than might be supposed with 
materials of all sorts, but particularly with those that are 
weak. 

Everything should be done to render a road strong enough 
to bear the traffic to which it is subjected, without wear from 
bending or cross-breaking, and a reserve of strength is always 
of advantage. Fluctuations of traffic are most trying on roads 
which have no reserve of strength, and whenever there is 
reason to expect a large increase of traffic over a road,. it 
should be strengthened beforehand for* it, by adding materials. 
Otherwise, a larger quantity of materials will be required 
when the heavy traffic comes, which may cease before they 
are consolidated, and leave the road covered with loose stones, 
which will take a long time to work in under the usual traffic. 

A road may be strong enough for its ordinary traffic, and 
even have a considerable reserve of strength, and still be quite 
unable to stand the loads that may be brought upon it. When 
a road is thus broken down or cut into by excessive weights, 
it is no longer a matter of replacing wear, but of serious 
repairs, and it may be almost of reconstruction. It may be 
desirable that all roads should be rendered strong enough for 
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any trafi&c that may come upon them; that will be a question 
of expense, but until they are so, it is unfair to expect a road 
to bear heavy loads which it is not intended for. It is as 
unreasonable to suppose that a road which is only moderately 
strong, though good, is fit to bear the trafl&c of a traction 
engine and trucks, or heavy timber hauling, as it is to think 
that a heavy locomotive could be run on a light railway 
without seriously damaging it. 

To replace the wear which is unavoidable, economically, 
materials must be applied only where they are wanted, and 
with sufficient care both in spreading them and in attending 
to them afterwards, to ensure their being usefully employed. 
When the quantity to be laid is small, they must be applied 
in small patches where hollows or slacks of the surface show 
where they are required, and in thin coats. As the quantity 
to be spread is greater, so must be the size of the patches 
or sheets, but they should never be more than one stone in 
thickness when applied in this manner. After attention, to 
ensure the consolidation of the materials, will comprise raking 
and re-arranging stones, and, it may be, the use of binding, or 
even picking up round the edges in unfavourable circumstances ; 
and if, owing to the lateness of the season when they were 
spread, the stones will not set, economy of materials as well 
as public convenience may require that they should be raked 
off the road. 

If the wear be very large, say more than J inch of con- 
solidated road surface in a year, materials may be economically 
applied in thick coats with the aid of a roller, a thickness 
of 4 inches being laid down at once ; and this method, even 
when not economical, recommends itself to the public, because 
it spares them the annoyance of having to work in the stones 
by the ordinary traffic, and gives them at once a perfectly 
smooth road. 

There is perhaps nothing which is generally more neglected 
than the removal of the worn-out materials from the road. It 
appears to be often looked upon merely as a clearing of the 
surface from mud, and as such an unnecessary expense, while 
in reality it affects the composition of the whole road-coating, 
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and unless the mud is washed away naturally from the surface, 
scraping or sweeping is quite necessary to preserve the proper 
proportion of solid stone in the road. Experiment has shown, 
what might have been expected from other considerations, 
that from one-fifth to one-fourth of the whole bulk of a road- 
coating must necessarily be small stuff under ^^ inch in 
diameter, which moisture will convert into mud, and it is certain 
that, as this proportion is exceeded, so will the road be soft, 
easily acted on by trafi&c, wet, and frost, and wasteful of 
materials. 

An adequate amount of manual labour in laying materials, 
scraping, and attention to the surface, is quite necessary. It 
is no real economy to save in labour, while more is spent on 
materials with a worse result. At the same time there is 
always the danger of too great an expenditure on manual labour. 
Work may be performed which, without being altogether useless, 
is unnecessary or not worth its cost, or much time may be 
absolutely wasted. Experience shows that the expenditure on 
the manual labour employed on surface work under ordinary 
circumstances may with advantage amount to 30 or 40 per cent, 
of the combined cost of materials and labour, but no fixed 
proportion can be laid down, and the employment of the proper 
amount of labour, and its economical adjustment to particular 
circumstances, will always require considerable care. 

The advantages arising from having men in charge of certain 
lengths of road cannot be too much insisted upon. Even if a 
man is not ccjnstantly employed on the surface work of the 
road, but is engaged in stone-breaking or harvest- work during 
the summer, he becomes familiar with the peculiarities of his 
length, and with the best way to deal with them, and if Jie is a 
good workman, he soon learns to take an interest in the road 
which it is his business to keep in order. It is in vain to expect 
the same skill or industry from men employed by the job, or 
having no interest in the goodness of the road, or in making 
the most of the means at their disposal. 

Expenditure on road maintenance has often to be reduced 
below what is desirable that it may not exceed a certain amount, 
and skill and judgment are then required to use the limited 
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amount to the best advantage. Manual labour must be reduced, 
that sufl&cient materials may be employed, and if materials 
enough to replace the wear cannot be afforded, it must not be 
forgotten that the strength of the road is being drawn upon, 
and that in however good a state it may be, it will certainly 
deteriorate to a condition which will d^nand extensive repairs, 
unless the loss of materials be made good in time. It has been 
shown, however, that the process of deterioration is a gradual 
one in a road originally strong enough when it is skiKully 
managed, and a careful surveyor can therefore tide over several 
years of reduced expenditure without much danger to his roads. 
He will watch how far different portions are losing strength, 
and to what extent wear is consequently augmenting, and he 
will not let matters go too far. In more favourable times a 
reserve of strength may be laid up by adding more materials 
than the wear consumes, which, by increasing the strength, 
will also lessen the wear of the road, and in the end tend to 
economy. 

Care in the preparation of estimates, and in accounts of the 
actual expenditure on different roads, year by year, are both 
equally necessary. A good deal of examination and comparison 
of expenditure under different heads, on different roads and 
portions of roads, will be found useful. All expenditure on 
road repairs should be kept distinct from the cost of management, 
and the manual labour employed on the surface work of the 
roads should, as far as possible, be separated from that which is 
properly a part of the cost of materials, such as stone-breaking 
or quarrying. 

A careful account of the quantities of materials spread year 
by year on each road and portion of road, is essential to 
systematic road maintenance. It constitutes a record of the 
strength of each road, and when reduced to the rate of cube 
yards per mile of road, the quantities used on different roads are 
readily compared. Comparisons of trafi&c and wear are much 
easier than absolute measurements, and it is by such comparisons, 
and records of the quantities of materials used, and of the 
expenditure on manual labour, &c., on various roads, that an 
opinion must generally be formed of the economy with which 
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tihey are maintained, and of the requirements of any particular 
road. Due allowance must, of course, be made for difference 
in materials, situation, and other conditions, and regard must 
be had to the state in which the roads are kept, but when 
comparisons are possible over considerable areas, they are less 
influenced by minor differences. 

Hitherto the materials for an intelligent comparison of 
expenditure on road maintenance have been wanting in England, 
but it is to be hoped that one effect of county management of 
main roads will be to provide them. That good results, both as 
to economy and efl&ciency, would follow cannot be doubted. 
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APPENDIX I. 



PONTS ET CHAUSSlfeES. 
Regulations for Cantonniers. 

Art, 1. — Definition of the Work of Cantonniers, 

The cantonniers are charged with the manual labour connected 
with the daily maintenance of the roads, over a definite length of 
road called a canton. 

They must obey, in everything relating to their work, the 
engineers, foremen, and other agents of .the administration of roads 
and bridges. 

Art, 2. — Nomination of Cantonniers, 

The cantonniers are nominated by the prefect, from a list sub- 
mitted by the chief engineer, containing three times, or at least twice 
the number of candidates required to fill the vacancies. They are 
dismissed by the prefect on the proposal or advice of the chief 
engineer. 

Art, 3. — Conditions of Admission. 

To be nominated a cantonnier it is necessary (1) to have fulfilled 
the laws relating to service in the army, and to be not more than 
45 years old ; (2) not to be subject to any infirmity which may hinder 
daily and diligent labour; (3) to have worked on the construc- 
tion or repair of roads ; (4) to have a certificate of good conduct from 
the mayor of the commune or the sub-prefect of the arrondissement. 

Candidates who can read and write will be preferred. 



Art, 4. — Chief Cantonnier. 

The cantons of the roads in a department shall be grouped in 
districts containing at least six cantons; the six cantonniers will 
constitute a brigade ; one of them shall be chief cantonnier ; he must 
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be able to read and write, and shall be chosen from the cantonniers 
distinguished for zeal, good conduct, and intelligence. 

The chief cantonniers shall have a shorter length than other 
cantonniers, so that they may be able to attend to special duties 
allotted to them. They shall accompany the foremen in their rounds, 
and note the orders which may be given to the cantonniers of their 
brigade, and see that the orders are carried out. They shall 
accordingly go over the whole extent of their district at least once a 
week, varying the days and hours of their visits, to satisfy them- 
selves of the presence of the cantonniers, and to direct them in their 
work ; they shall report to those under whose orders they are more 
particularly placed, and shall furnish to the engineers all the in- 
formation that may be required of them. 

They may be temporarily employed in superintending and 
keeping account of the works of re-dressing the paved causeways, 
and in directing itinerant gangs of workmen. 

Art. 5. — Distinctive Marks of Cantonniers. 

Cantonniers shall wear a blue jacket and a leather hat, roimd 
which shall be a band of copper • 28 m. long, and • 055 m. broad, 
with the word " cantonnier " cut out in it. The chief cantonniers 
shall wear besides on the left arm an armlet of the prescribed 
pattern. 

There shall be given besides to each man a mark consisting of a 
staff 2 metres long, divided in decimetres, shod with iron, and fur-^ 
nished at the top with a strong iron plate 0* 24 m. wide, and * 16 m. 
high, on each side of which shall be shown in letters • 08 m. high the 
number of the canton. This mark must always be set up on the 
road at less than 100 metres from where the cantonnier is at work. 

Art. 6. — The Work of the Cantonniers. 

The work of the cantonniers consists in maintaining and repair- 
ing the roads daily and constantly, so that they may be dry, clean, 
and smooth, safe in times of hard frost, and of a satisfactory appear- 
ance at all seasons. 

To effect this, they must, subject to the orders and instructions 
which may be given them in case of need : 

(1) Insure the flowing off of water by cleansing the gutters, 
pipes, &c., by making small drains for the purpose wherever they 
may be necessary, taking care that these drains should never be 
made in the body of the road. 
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(2) At suitable times open and maintain the ditches, regulate 
the sides, throwing the surplus earth on the neighbouring ground, 
if there is no objection, or putting it together to facilitate its 
measurement or removal. 

(3) Remove as soon as possible with a scraper or shovel, all 
liquid or soft mud from the whole breadth of the road, even if there 
be neither hollows nor ruts, and collect the mud in regular heaps on 
the sides to be measured, if there is room for it there. 

(4) Spread the mud, when dry, on the sides which have lost 
their shape or have a slope of more than 1 in 25 from the road, and 
throw the surplus on the neighbouring fields, if not objected to. 

(5) At the approach of winter redouble attention to all which is 
prescribed in the two preceding paragraphs, to prevent lumps of 
frozen mud. 

(6) In dry weather, remove the dust and deposit it on the sides. 

(7) Clear away the snow from the whole breadth of the road, or 
at least from the middle, particularly at places where it accumulates 
and obstructs the traffic ; throw it immediately on the neighbouring 
fields if possible, or collect it in heaps on the sides, so as to show 
drivers of vehicles where the road is. 

(8) Break and remove ice from the road, and scatter sand and 
rubble, especially at the sides and at sharp turnings. 

(9) Also break the ice in the ditches and remove it where it 
accumulates so as to threaten flooding of the road in the thaw. 

(10) In the time of thaw assist the flowing off of water and 
remove pieces of ice, mud, and dirt, so that the effects of the thaw 
may prejudice the traffic and the road as little as possible. 

(11) Collect, break, and stack in separate heaps and in a par- 
ticular shape, all loose stones, and those projecting or only just 
showing if too large, and those near in the neighbouring fields which 
can be used for the purposes of the road. Break the materials 
intended for maintenance if the breaking is not done by the 
contractor. 

(12) Cut or dig up thistles or other weeds, especially before their 
flowering season. 

(13) Clear away loose stones from the road and every thing 
which may hinder the traffic. 

(14) Clean and clear away earth, plants, and extraneous matters 
from the plinths, string courses, and parapets of bridges, &c. 

(15) Look after the preservation of mile stones, sign posts, and 
bench marks on the road. 

(16) Cultivate and look after plantations belonging to the State, 
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see to their preservation and to that of plantations of private owners, 
straighten provisionally all young trees bent by the wind, and do 
generally all that the welfare of the road demands, conformable to 
more particular instructions given by the engineers of the district 
for carrying out the above general orders. 

Art, 7. — Employment of Materials. 

On roads in a state of repair the road labourers shall conform 
to the following rules for employment of materials. 

The materials shall be niade use of as they are required, always 
choosing damp weather for their employment, avoiding wholesale 
coating and throwing down stones at random. 

To proceed regularly, care should be taken to observe in time of 
rain the hollows and tracks of vehicles which perceptibly alter the 
shape of the road. 

These worn parts should be cleaned and picked, particularly at 
the edges, but only to the depth necessary to insure the binding of 
the materials. The materials arising from the picking should be 
cleared of earth and broken if necessary before being used. 

The filling up of the hollows or wheel tracks should be effected 
with the debris and with the necessary quantity of new material 
received through the engineer. It must be carefully beaten so as to 
incorporate it with the lower layer, and then made even with the 
form of the road. The parts thus restored should be maintained 
with particular care until they are completely consolidated. 

With respect to roads which are not in a good state of repair, and 
which nevertheless are open for traffic, one should endeavour to keep 
them in as good a condition as possible by employing with the care 
which has just been indicated the materials available. 

All stones too large or projecting should be taken out, as they 
cause damage, and they should be broken to a proper size before 
being used again. 

The coatings more or less extensive to be made on worn roads 
will be prescribed by the engineer, who will also decide on the 
materials to be used. The hollows and ruts to be filled up must 
first be cleared of mud and earth, and their surface then picked to a 
depth of from 4 to 5 centimetres (1^ to 2 inches). The materials 
should not be spread except in layers of from 5 to 6 centimetres 
(2 to 2^ inches), which should be carefully beaten and consolidated* 
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Art 8. — Task Work to he Performed. 

To excite and maintain the activity of the cantonniers, the 
engineers, inspectors, and foremen shall assign them work to be 
performed in a given time, whenever local circumstances permit 
it. A summary of information on these tasks shall be entered in 
that part of the cantonnier's book reserved for the orders of the 
service. 

Works thus prescribed shall be one of the principal objects of 
supervision by the immediate head of the cantonniers, as well as by 
the mayors and road commissioners. 

Art. 9. — Determination of Working Hours. 

From the 1st of May to the 1st September, the cantonniers shall 
be on the roads, without quitting them, from 5 o'clock in the 
morning to 7 o'clock in the evening. The rest of the year they 
shall be there from sunrise to sunset. They shall take their meals 
on the road at hours fixed by the chief engineer. The total duration 
of meals shall not exceed two hours, but during great heat it may 
be prolonged to three hours. 

Art, 10. — Removal of Cantonniers. 

Cantonniers may be moved, either singly or in brigades, when 
the needs of the service imperatively require it, to be directed to 
points indicated to them. These displacements shall not take place 
except under an express order from the engineer. 

Art. 11. — Compulsory Attendance of Cantonniers in time of Bain, 

Snow, &c. 

Rain, snow, or other inclemency of the weather shall not be a 
pretext for the absence of cantonniers ; they must, in such times, 
redouble their zeal and activity to prevent damage and keep the road 
in good condition for the whole extent of their cantons ; they are, 
however, authorised to make themselves fixed or portable shelters, 
which shall not interfere with the public way or adjoining property, 
and which must be in sight of the road, and less than 10 metres off, 
so that the presence of the workmen can always be ascertained. 
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1 Art. 1 2. — Gratuitous Assistance to Travellers. 

Cantonniers must render gratuitoii^ aid and assistance to drivers 
and travellers, but only in case of accidents. 

Art. 13. — Surveillance over breaches of Highway Law. 

To prevent as much as possible breaches of highway law, the 
cantonniers shall warn frontagers who may be disposed to commit 
them. They shall consequently keep an eye on repairs, building, 
deposits, encroachments, and planting which may take place without 
leave on the highway. They shall report any such breaches to the 
surveyor, either when he makes his rounds, or at once by letter or 
by message through the chief cantonnier. 

Art. 14. — Tools with which Cantonniers must he provided. 

Every cantonnier shall be provided, at his own expense, with a 
wheelbarrow, an iron shovel, a wooden shovel, a road-pick, an iron 
road-scraper, a wooden road-scraper, an iron rake, an iron crowbar, 
an iron sledge-hammer, and a line 20 metres long. 

The head cantonniers must besides be provided with three 
boning rods, with a level graduated to indicate gradients, and with 
a double metre measure. 

Art. 15. — Tools of a particular hind to befurmshed by the 

Administration. 

Each cantonnier shall be entrusted with an iron ring, 6 centi- 
metres (2^ inches) in diameter, so that he may ascertain if the stones 
-which he has to spread on the road, have been broken according to 
the specification. 

Art. 16. — Providing Tools in advance to Cantonniers. 

Cantonniers who have no means of procuring them, can have any 
tools they require supplied in advance. The repayment of the cost 
of these tools will be insured by the administration, by stoppages, 
which, except in cases of dismissal, shall not exceed one-sixth of the 
monthly salary. 

Art. 17. — Keeping Tools in Repair. 

Cantonniers shall keep their tools in a good state of repair. If 
they become negligent in this respect it will be done by the admi- 
nistration, and the expenses will be repaid as stated in Art. 16. 
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Tools must not be taken to be repaired during working hours. 
Excuses for absence based upon the necessity of getting tools 
repaired will never be accepted. 

Art. 18. — Cantonnier's Books, 

Every cantonnier wiU be provided with a book similar to the one 
annexed to the present regulations. This book is intended to 
receive notes on the work and conduct of the labourers, any orders 
and instructions given them, and information of the work which has 
been assigned them. It must be presented by them to the agents 
charged with the supervision of the road, every time they are 
required to do so, under penalty of the stoppage of a day's pay for 
every time they neglect to produce it, or of three days' pay in the 
case of having lost it. 

Art, 19. — Means of verifying the Absence of Cantonniers. 

The absence and negligences of cantonniers will be verified by 
the engineers and the agents of the administration employed under 
their orders, who will make a note of them in the books just spoken 
of. Absence can also be verified by gendarmes on their rounds, 
by mayors of the parishes in which the cantons are situated, and 
by road commissioners. 

Art. 20. — Leave of Absence at Harvest Time. 

At harvest time, when the road is in good condition, cantonniers 
can obtain leave of absence from the engineer in ordinary, when 
authorised by the engineer in chief. They will receive no salary 
while on leave of absence, at the expiration of which they must 
returned punctually to their posts, or they will be immediately 
superseded. 

Art. 21. — Surrender of Book and of Distinctive Badges on Dismissal of 

a Cantonnier. 

When a cantonnier is dismissed, he must surrender to the engineer 
his book, his staff, his ring, and the distinctive badges which he 
wears on his arm and cap. Failing to do this, double the value of 
these articles will be retained from that which is due to him for 
salary at the time of his dismissal. 
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Art, 22, — Chssificatim and Salary of Cantonniers, 

Cantonniers of each department will be divided into three classes 
of equal humber, whose salary, for each class, will be fixed by the 
prefect, oh the proposal of the chief engineer. 

The classification will be made each year by the chief engineer, 
on the report of the engineer ih ordinary, and according to the 
sei^cds of the cantonniers during the preceding year. 

The chief cantonniers will be divided into two classes, likewise 
of equal number. 

Their salaries will be fixed, like ttose of the ordinary cantonniers, 
by the prefect^ on the proposal of the chief engineer. 

Art. 23. — Indemniiyfor BemovaU 

Cantonniers who leave their cantons by order of the engineer will 
receive an indemnity of one-fifth more than tlieir salary, and three- 
fifths for every day they sleep out. 

No indemnity for removal will be allowed to head cantonniers 
except when they go out of the district of their brigade. In this 
case, the indemnity to which they are entitled will be regulated in 
the same way as those which are paid to ordinary cantonniersi 

Art 24. — Annual Gratuities, 

Every year, oh the report of the engineer in chief, the prefect 
may grant to the most deserving cantonnier in each district of the 
engineer in ordinary, a gratuity, which shall not exceed a month's 
salary; 

A similar gratuity may also be awarded to that one of the chief 
cantonniers of the department) who shall have rendered th6 best 

servioe^ 

Art, 25. — Fm^s on Account of Absence, 

Every cantonnier who shall not be found at his post by one of 
the agents having a right of supervision on the roadj shall be subject 
to a fine of three days' pay for the first time, of six days' in case of a 
second offence, and be dismissed the third time. 

Those who, without being absent, shall hot have done enough 
work during the month, or who have neglected the duty entrusted 
to them, will be fined enough to pay fw repairing any damage 
resulting from their negligence. 

A part of these fines may be granted by the chief engineer, on 
the report of the engineer in ordinary, for the benefit of those can- 
tonniers who by their zeal and work have deserved encouragement. 



( 178 ) 



APPENDIX 11. 
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INDEX. 



A. 



Acxx>ui!iTS of expenditure, 154-158 

, common form desirable, 163 

Act, General Highway, 5, 11, 36, 119 ) 
-^— Highways Act Amendment, 37 
Highways and Locomotives Amend- 
ment (1878), 125, 160 

South Wales Highway, 5, 37, 160 

Action of weather, 82 

Analyses of road coatings, 54 

Annual estimates, 156 

, form of, 179 

Archer's stone-breaJdng machine, 43 

Area covered by a cube yard of broken 
stone, 41 

Arrangement of labour, 136 

Attention to materials when spread, 101 

Autumn work on roads, 136 

Axle, friction of wheel on, 59 

B. 

Babdoknaut, M., 52, 87 

Bayley's hydrostatic vans, 122 

Bending and cross-breaking, wear from, 
76-80 

Berthault-Ducreux, M., 49, 52, 53 

Binding material, 23-25, 100 

— — — property of limestone, 33 

Blake's stone-breaking machine, 42-45 

Block stones, 128 

Bolkslbere's experiments on broken stone, 
49 

Bordering, sod, 18 

, trimming, 117 

Bottoming, 3-7 

. of sand, gravel, or chalk, 15 

Breadth of metalled surface, 18 

wheel tires, 64-68 

Breaking stone by hand, 41 

— by machinery, 42 

, cost of, 44-47 

Breoonshire, county roads, cost of main- 
tenance, 150 

, cost of labour on, 150 



Breoonshbe, county roads, quantity of 

material used on, 94, 150 
Brighton streets, cost of, 144 
Broken stone, proportion of solid and void 

in, 49-51 

, weight of, 50 

road, construction of, 17 

Burgoyne, Sir J. F., 21, 104 

C. 

Cantonniers, regulations for, 170-177 
Cardiganshire county roads, cost of maiu' 

tenance of, 150 
, cost of labour 

on, 150 



, quantity of 

materials used on, 94, 150 
Carmarthenshire county roads, cost of 

maintenance of, 150 
, cost of 



haulage of materials on, 47 
labour on, 150 



-, cost of 



-, quantity 



of materials used on, 93, 150 
Carting, cost of, 47 
materials from stone heaps to road, 

39,99 
Carts, water, 121 
Channel, side, 13, 18, 117 

, pitched, 19 

Chlorides, use o^ in watering roads, 123 
Cleaning sides, 117 
Clearing out side ditches, 118-119 
Coating, road, composition of, 49-58 

, thickness of, 17 

, eflfect of, 78 

Coatings, road, analyses of, 54 
, experiments with model 

wheels on, 77-99 

, proportion of mud in, 56 

-, proportion of various sizes 



of stone in, 56 
Coefficients of quality of road materials, 
33-36 
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Collars, trafBo measured by, 85 
Comparisons of quantities of materials laid, 

155 
Composition of road coatings, 49-58 

scrapings, 57 

Concrete foundations, 16 

Conditions under which wear will be 

reduced to a minimum, 164 
Conical wheels, 64 
Consolidated road, density of, 52 
Constant labourers, 129 

f lengths of road under. 



134 



•, premiums to, 132 
-, duties of. 129-133 



Consumption of materials, 90-94 
Contract, repairs by, 158 
Copper slag as a road material, 31, 54 
Cost of carting, 47 

' kerbing and channelling, 19 

manual labour, 138-140, 147, 150 

' per cube yard of 

materials used, 138, 139, 150 

mUe, 138-140, 



150 



lifting, 29 

macadamised roads, 25 

picking up, 100 

quarrying, 46 

repairing damages by traction 

engines, 125 

repairs of main roads, 149 

road maintenance on Edinburgh 



turnpike roads, 146 

county roads, 150 

road materials, 46 

rolling. 107, 108 

stacking, 46 



South Wales 



stocking up, 100 

stone-breaking by hand, 41 

machinery, 42- 

45 



watering, 121 

'■ wheeling out materials, 47 

Covered drains, 10, 11 
Crimp, Mr. S., 121, 144 
Cross-breaking, wear from, 76-80 

drains, 11 

sections of roads, 12-14 

Culverts, examination of, 126 

, inclination of, 11 

, obstruction of, 126 

, undermining of, 1216 

Cutting hedges, 119 

Deacon, Mr., 24 

Density of consolidated road, 52 

Depots, stone, 21, 99 



Detritus, effect of, on wear of roads, 90 

, French gauge for, 63 

f measurement of, 88 

Diameter of wheels, effects of, 59, 73, 7B 
Dished wheels, 64 
Ditches, side, 10 

, clearing out, 118 

, water-level to be k^t lot 

in, 118 
Drainage, 10-12, 116-119 

, importance of, 116, 164 

, powers with respect to^ 11, 119 

Drains, examination of, 118, 126 

, inclination of, 12 

Draught, 59-63 

, effect of springs on, 63 

, large wheels favourable to, GO 

, MacneiU's experiments on, 6^ 

, Morin's experiments on, ^ 

63 



-, proportion of, to load, 61-63 
Dumas, M., his system, 103 
Dupuit, M., 59, 87, 139 
Durability of materials, relative, 33 
Dust, removal of, 110 



E. 

Edqewobth, Mr., 59 

Edinburgh, turnpike roads of county of^ 9C 

of maintenance of, 146 
, oc 

of materials, 47, 146 
, qua, 

tities of materials used, 93, 146 
Engines, traction, 67, 80 

, repair of damage by, 1 i 

England and Wales, cost of repairs 

main roads, 149 

roads, formerly turnpike, 148 



turnpike roads, 148 



', expenditure o 



roads, 2 
Estimates, annual, 156 

— , form of, 179 

Expenditure, accounts of, 157 
on materials and labour, 13' 

142 

nads of England ai 

Wales, 2 
Experiments on draught at Boyal Ag 

cultural Show, 60, 61 

by Macneill, 6: 

by Morin, 63 

on wear by Morin, 73-76 

wi h model wheels on mod 



road-coatings, ''7-79 
E:[(traordinary tnffic, 125 
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p. 

■ "Pekt of horses, wear by, 69 
TPences,20 
^eld stone, 32 
Jlint gravel, 32 
lTmt8,32 
footpath, 20 
1*016111611, working, 133 
I'onnation of surtace, 15 
(foundation, concrete, 16 

■ , pitched, 15 

, thickness of, 16 

France, consumption of road materials in, 
90,91 

, cost of labour on departmental 



roads of, 140 



139 



— national roads of. 



maintenance of national 



roads in, 152 
Friction of wheel on axle, 59 
Frost and thaw, effect of, 82 
, repair of road broken up 

by, 124 

G. 

Gaspabin, M., 50, 52 
Gauge for broken stone, 39 

— — detritus in France, 53 

General Highway Act, 5, 11, 36, 119 
Glamorganshire county roads, cost of 

maintenance of, 150 
*- , cost of 



labour on, 150 



-, quantity 



of materials used on, 93, 150 
GwBff, M., 52, 89, 106 
Gravel bottoming, 15 

"T , weight of, 51 

Gravity, resistance due to, 60 

H. 

Hahhebs, 41 

Hand scraping machines, 112 
Harness, Sir H. D., 131 
Haulage, cost of, 47 
Heaps, stone, 38 

, carting from, to road, 39 

Heavy loads, effects of, 125 

Hedges and trees, ill effects of, 83, 119 

— , cutting of, 120 

Highway Act, General, 5, 11, 36, 119 

, South Wales, 5, 37, 160 

Highways Act Amendment Act, 37 
Highways and Locomotives (Amend- 
ment) Act, 125, 160 
Holes in road coating, repair of, 124 
QollowB on surface, form of, 97 

", repair of, 98 



Holyhead road, 14, 92, 99, 129 

, cross sections of, 14 

, pitched bottom on, 14 

Hope's stone-br^iking machine, 43 
Horse road rollers, 21 
Horses' feet, wear by, 69 
Hydrostatic vans, Bayley's, 122 

I. 

Inclination of drains and culverts, 12 



K. 



Eebbing, 19 
, cost of, 19 



L. 

Laboub, manual, 129-142 

, proportion of expenditure on, 137 

, cost of, 138-140, 150 

-, per cube yard of material, 139 



Labourers, assistant or casual, 135 

y constant 129 

, duties of, 129-133 

-y lengths of road under, 134 

-, premiums to, 132 



-, journal to be kept by, 133, 178 
-, stone-breaking by, 41 
■, tools used by, 134 



Large wheels, advantageous to road, 73 

, favourable to draft, 60 

Leahy, Mr., 50 

Length of road that surveyors can super- 
intend, 153 

. under constant labourers, 

134 
Level, road, 134 
Lifting, 28, 29 

, cost of, 29 

Limestone, 33 

, binding property of, 31 

Load, effects of, on wear, 75, 80 

, proportion of draught to, 61-63 

Loads on wheels, 65-68 

, subsoil yielding under, 76 

London streets, wear of, 92 
Lopping trees, 120 
Lovegrove, Mr., 108 



M. 

MoAdam, J. L., 3, 7, 17, 24, 28, 39, 99 

, Sir James, 25, 67, 69, 130 

Macadamised roads, cost of, 25 
McConnell, Mr., 153 
Machines, scraping. 111 

, hand scraping, 112 

, stone-breaking, 42-47 
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Machines, sweeping, 111 

Macneill, Sir John, 16, 62, 63, 66, 68 

, experiments on traction, 62 

Main roads, cost of repairs, 149 

, common form of accounts 

desirable for, 163 

Maintenance, road, cost of, 143-152 

Management, road, 159-163 

Manual labour, 129-142. (See also 
Labour.) 

Materials, road, 30-39 

and labour, proportion of expen- 
diture on, 137-142 

; — , area covered by a cube yard of, 41 

'■ — , attention to, when spread, 101 

, coefficients of quality of, 33-36 

, consumption of, 90-94 

, cost of, 46 

, cost of labour per cube yard of. 



188, 139, 150 

■, cost of, on Edinburgh turnpike 



roads, 146 

, cost of wheeling out, 47 

, power to get, 36 

, quantities used, 91-94 

. ramming, 101 

, size of, 39 

, spreading, 95-104 

-, season for, 102 



-, supply of, 37 
used on roads, records of quan- 



tities of, 156 
Measurements of detritus, 88 

, traffic, 85-87 

, wear, 87, 88 

Merrifield, Mr., 49 

Metalled surface, narrowing, 127 

, width of, 18 

Metropolis roads north of Thames, cost of 

repairs of, 145 
Metropolis roads north of the Thames, 

quantities of material used on, 92 
Mitchell, Mr. J., 50 
Mitre drains, 11 

Model wheels, experiments with, 77-79 
Morin, General, 59, 60, 61, 72, 73 

, experiments on draught 



by. 61 



wear, 



73-76 
Mound or bank fences, 20 
Mud, proportion of, in road coatings, 54-58 

N. 

Narrow tires, 68, 81 

Narrowing an over-wide road, 127 

National roads of France, cost of labour 
on, 139 

■ , cost of main- 
tenance of, 152 



O. 

Obstruction of culverts and drains, 126 
Obstructions on roads, 127 
Old road, re-forming, 26 
Outlets, 20, 116 
, clearing, 117 

P. 

Parliament Street, cost of road repairs 
in, 143 

, traffic in, 87 

Patches, shape and arrangement of, 97 

Paved foundation. {See Pitched.) 

Payment by vouchers, 154 

Pembrokeshire county roads, cost of main- 
tenance of, 150 

— — 9 cost of labour 



on, 150 



-, quantity of 



materials used on, 94, 150 
Penfold, Mr., 16, 32 
Piccadilly, traffic in, 87 
Picking up, 99 

, cost of. 100 

Pitched bottom on Holyhead road, 14 

foundation, construction of, 15 

Pitting or sounding, 27 

Post and rail fence, 20 

Powers to get materials, 36 

with respect to drainage of roads, 

11, 119 
Premiums to constant labourers, 132 
Pressure per inch of width of tires, 65-67 
Proportion of draught to load, 61-63 
expenditure on materials and 

labour, 137 



mud in road coatings, 54-58 

scrapings in roads, 57 

solid and void in broken 

stone, 49, 50 

various sizes of stone in road 



coatings, 54, 55 



Q. 



Qualifications of good road stone, 30 
Quality of road materials, coefficieiits of, 

34-36 
Quantities of road materials used, 90-94 

— stone broken in a day, 41 

Quarrying, cost of, 46 



R. 

Badnorshire county roads, cost of main- 
tenance of, 150 
. , cost of labour 

on, 150 
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Radnorshire county roads, quantity of 

materials used on, 94 
Bain, effects of^ 82 
Bilking, 101 
Bamming materials, 101 
Becapitulation, 164-169 
Becords of quantities of materials used on 

roads, 156 
Be-forming an old road, 26 
Begent Stieet, cost of road repairs in, 143 
Begulations for cantonniers, 170-177 
Belative durability of materials, 33 
Bmnoval of dust and mud, 110-115 
Bepair of damage by traction engines, &c., 

125 
• damage done by traction en- 
gines, cost of, 125 
— ^— holes in coating of road, 124 

hollows on surface of raewi, 97 

road broken up bv frost, 124 

ruts, 98 



Bepairs beyond ordinary maintenance, 123 

by contract, 158 

thick coats and rolling, 104 

thick coats and rolling, cost of, 

107, 108 

- of tools, 134 



Beserve of strength, advantage of, 165 
Besustance due to gravity, 60 

to rolling, 59 

Road coating. {See Coating.) 

labourers. {See Labourers.) 

level, 134 

maintenance, cost of, 148-152 

materials, 30-40. (See Materials.) 

rollers, horse, 21, 107 

, steam, 22, 107-109 

surveyor's duties, 153-158 

surveyors, accounts to be kept by. 



156-158 



-, length of road they can 



superintend, 153 
Boilers, horse, 21, 107 

, steam, 22, 107-109 

Boiling, 21-24 

-, cost of steam, 107, 108 



109 



>- newly made roads, 21 

-, repairs by thick coats and« 104- 



of, 107-109 
BoUing, resistance to, 59 
Boman roads, 3 
Bats, repurs of, 98 

S. 

gAnrT-ETiENNE, wear of roads at, 89 
Band or gravel bottoming, 15 
Seoniing of surface, 126 
Bor^viog* 111-116 



cost 



Scraping machines, 111 

, hand, 112 

Scrapings, composition of, 57 

, proportion of, in roads, 57 

, removal of, 113 

Season for spreading materials, 102 
Seatofroad, 9, 13 
Section, cross, 12 

, of Holyhead road, 14 

-, Telford's, 13 



-, Walker's, 13 



Seine, cost of road repairs in department 

of, 147 
Shouldering, 15 
Side channel, 13, 18 

, pitched, 19 

ditches, 10 

, cleaning out, 118, 119, 137 

cleaning, 117, 137 

Size of road materials, 39 
Snow, obstruction from, 127 

plough, 127 

Sod bordering, 18 

, trimming, 117 

coping, 21 

Solid and void, proportion of, in broken 

stone, 49, 50 
Sounding or pitting, 27 
South Wales county roads, 93, 94, 149, 150 

-, cost of main- 



tenance of, 150 



on, 150 



-, manual labour 
quantities of 



materials used on, 93, 94, 150 
South Wales Highway Act, 5, 37, 160 
Spreading materials, 95-104 

, season for, 102 

Springs, effects of, on draught, 63 

wear, 76 

Stacking stone, cost of, 46 

Statement of materials delivered and used. 

156 
Steam rolling, 22, 107-109 
Stocking up, 99 

, cost of, 100 

Stone-breaking by hand, 41 
by mactiinery, 42 

, cost of, 44- 

47 
Stone-breaking machines, 43 

— , trials in France, 

44 
Stone, broken, proportion of solid to void 

in, 50 

, weight of, 51 

depots, 21 

heaps, 38 

-, carting from, to road, 39 



— , proportions of various sizes of, in 
road coatings, 54, 55 
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opinion this little pocket-book of Hurst's is the very best of them all, without any exception. 
It would be useless to attempt a recapitulation of the contents, for it appears to contain almost 
everythinz that anyone connected with building could require, and, best of all, made up in a 
compact form for carrying in the pocket, measuring only 5 in. by 3 in., and about i in. thick, 
in a limp cover. We congratulate the author on the success of his laborious and practically 
compiled little book, which has received imqualified and deserved praise from every profes- 
sional penon to whom we have shown it." — The Dublin Builder. 

Tabulated Weights of Angle, Tee, Bulb, Round, 

Square, and Flat Iron and Steel, and other information for the use of 
Naval Architects and Shipbuilders. By C. H. Jordan, M.LN. A. Fourth 
edition, 32mo, cloth, 2s, 6d, 

A Complete Set of Contract Documents for a Country 

Lodge f comprising Drawings, Specifications, Dimensions (for quantities). 
Abstracts, Bill of Quantities, Form of Tender and Contract, with Notes 
by J. Leaning, printed in facsimile of the original documents, on single 
sheets fcap., in paper case, lor. 

A Practical Treatise on Heat, as applied to the 

Useful Arts; for the Use of Engineers, Architects, &c. By Thomas 
Box. With li^ plates. Sixth edition, crown 8vo, cloth, I2x. td, 

A Descriptive Treatise on Mathematical Drawing 

Instruments: their construction, uses, qualities, selection, preservation, 
and suggestions for improvements, with hints upon Drawing and Colour- 
ing. By W. F. Stanley, M.R.I. Sixth edition, with numerous illustrations, 
crown 8vo, cloth, 5^. 
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Our FactofieSy Workshops^ and Warehouses: their 

Sanitary and Fire-Resisting Arrangements. By B. II. Thwaitb, Assoc 
Mem. Inst C.E. WUk 183 wood engravings^ crown 8yo, cloth, 9^. 

A Practical Treatise on Coal Mining. By George 

G. Andr^, F.G.S., Assoc. Inst C.E., Member of the Society of Engineers. 
With 82 lithographic plates, 2 vols., royal 4to, doth, 3/. \2s, 

A Practical Treatise on Casting and Foundings 

including descriptions of the modem machinery employed in the art. By 
N. E. Spretson, Engineer. Fifth edition, wim 82 plates drawn to 
scale, 412 pp., demy 8yo, cloth, i&r. 

A Handbook of Electrical Testing. By H. R. Kempe, 

M.S.T.E. Fourth edition, revised and enlarged, crown 8vo, doth, idr. 

The Clerk of Works: a Vade-Mecum for all engaged 

in the Superintendence of Building Operations. By G. G. HOSKINS, 
F.R.I.B.A. Third edition, fcap. 8vo, doth, u. dd. 

American Foundry Practice: Treating of Loam, 

Dry Sand, and Green Sand Moulding, and containing a Practical Treatise 
upon the Management of Cupolas, and the Melting of Iron. By T. D. 
West, Practical Iron Moulder and Foundry Foreman. Second edition, 
with numerous illustrations^ crown 8vo, cloth, lOf. td. 

The Maintenance of Macadamised Roads. By T. 

CoDRiNGTON, M.I.C.E, F.G.S., General Superintendent of County Roads 
for South Wales. Second edition, 8vo, doth, 7^. td. 

Hydraulic Steam and Hand Power Lifting and 

Pressing Machinery, By Frederick Colyer, M. Inst C.E., M. Inst M.E. 
With Ti plates, 8vo, doth, i&r. 

Pumps and Pumping Machinery, By F. Colyer, 

M.LC.E,, M.I.M,E. With 2'^ folding plates, 8vo, cloth, I2J. 6^. 

Pumps and Pumping Machinery. By F. Colyer. 

Second Part With 11 large plates, 8vo, cloth, I2J. hd, 

A Treatise on the Origin, Progress, Prevention^ and 

Cure of Dry Rot in Timber; with Remarks on the Means of Preserving 
Wood from Destruction by Sea- Worms, Beetles, Ants, etc. By Thomas 
Allen Britton, late Surveyor to the Metropolitan Board of Works, 
etc, etc. With 10 plates, crown 8vo, cloth, 7/. dd. 

The Artillery of the Future and the New Powders. 

By J. A. LONGRIDGE, Mem. Inst C.E. 8vo, cloth, 5^. 
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Gas Works : their Arrangement, Construction, Plant, 

and Machinery. By F. Colyer, M. Inst C.E. WiiA y. folding plaUs^ 
8vo, cloth, I2X. dd. 

The Municipal and Sanitary Engineer s Handbook. 

By H. Percy Boulnois, Mem. Inst. C.E., Borough Engineer, Ports- 
mouth. With numerous illustrations. Second edition, demy 8vo, doth, 
1 5 J. 

Contents : 

The Appointment and Duties of the Town Surveyor— Traffic— Macadamised Roadwajrs— 
Steam RoUmg— Road Metal and Breakmg — Pitched Pavements— Asphalte — ^Wood Pavements 
— Footpaths — Kerbs and Gutters — Street Naming and Numbering— Street Lighting — Sewer- 
age — ^ventilation of Sewers — Disposal of Sews^e — House Drainage^Disinfecdon— Gas and 
Water Comi>anies, etc.. Breaking up Streets — Improvement of Private Streets — Borrowing 
Powers— Artizans' and Labourers' Dwellings— Public Conveniences — Scavenging, including 
Street Cleansing — Watering and the Removing of Snow— Planting Street Trees — Deposit of 
Plans— Dangerous Buildings— Hoardings— Obstructions— Improving Street Lines — Cellar 
Openings — Public Pleasure Grounds — Cemeteries — Mortuaries — Cattle and Ordinary Markets 
—Public Slaughter-houses, etc— Giving numerous Forms of Notices, Specifications,- and 
General Informadon upon these and other subjects of great importance to Mui^oipal Engi- 
neers and others engaged in Sanitary Work. 

Metrical Tables. By Sir G. L. Molesworth, 

M.I.C.E. 32mo, cloth, is, 6d. 

Contents. 

General — ^Linear Measures — Square Measures — Cubic Measures— Measures of Capacity— 
Weights— Combinations — Thermometers. 

Elements of Construction for Electro-Magnets. By 

Count Th. Du Moncel, Mem. de Tlnstitut de France. Translated from 
the Frendi by C. J. Wharton. Crown 8vo, cloth, 4r. 6d. 

A Treatise on the Use of Belting for the Transmis- 
sion of Power. By J. H. Cooper. Second edition, illustrated^ Svo, 
cloth, 1 5 J. 

A Pocket-Book of Useful Formulce and Memoranda 

for Civil and Mechanical Engineers, By Sir Guilford L. Molesworth, 
■ Mem. Inst. C.E. With numerous illustrations^ 744 pp. Twenty-second 
edition, 32mo, roan, 6s, 

Synopsis of Contents: 

Surveying, Levelling, etc. — Strength and Weight of Materials— Earthwork, Brickwork, 
Masonry, Arches, etc. — Struts, Columns, Beams, and Trusses— Floonng, Roofing, and Roof 
Trussesr— Girders, Bridges, etc.— Railways and Roads — Hydraulic Formulae— Canals, Sewers, 
Waterworks, Docks — Irrigation and Breakwaters — Gas, Ventilation, and Warming^Heat, 
Light, Colour, and Sound — Gravity : Centres, Forces, and Powers — Millwork, Teeth of 
Wheels, Shafdng, etc. — Workshop Recipes — Sundry Machinery— Animal Power — Steam and 
die Steam Engine— Water-power, Water-wheels, Turbines, etc. — ^Wind and Windmills- 
Steam Navigation, Ship Building, Tonnage, etc.— <Junnery, Projecdles, etc.— Weights, 
Measures, and Moneys— Trigonometry, Conic Sections, and Curves—Telegraphy — Mensura- 
tion — Tables of Areas and Circumference, and Arcs of Circles— Logarithms, Square and 
Cube Roots, Powers^Redprocals, etc. — Useful Numbers— 'Differendsd and Integral Calcu- 
lus— Algebraic Signs-^Telegraphic Construcdon and Formulae. 
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Hints on Architectural Draughtsmanship. By G. W. 

TuxFORD Hallatt. Fcap. 8vo, doth, u. 6^. 

Sponi Tables and Memoranda for Engineers; 

selected and arranged by J. T. Hurst, C.E., Author of 'Architectural 

Surveyors* Handbook/ * Hurst's Tredgold*s Carpentry,* etc. Eleventh 

edition, 64mo, roan, gilt edges, is, ; or in cloth case, \s, 6d, 
This work is printed in a pearl type, and is so small, measuring only 2^ in. by zi in. by 
i in. thick, that it may be easily carried in the waistcoat pocket. 

" It is certainly an extremely rare thing for a reviewer to be called upon to notice a volume 
measurine but 7.\ in. by if in., yet these dimensions faithfully represent the size of the handy 
little book before us. The volume — which contains xx8 printed pages, besides a few blank 
pages for memoranda— ns, in fact, a true pocket-book, adapted for being carried in the waist- 
coat pocket, and containing a far greater amount and variety of informadou than most people 
would imagine could be compressed into so small a space. .... The little volume has been 
compiled with considerable care and judgment, and we can cordially recommend it to our 
readers as a useful little i>ocket companion.*' — Engineering, 

A Practical Treatise on Natural and Artificial 

Concrete^ its Varieties and Constructrve Adaptations, By Henry Reid, 
Author of the * Science and Art of the Manufacture of Portland Cement.' 
New Edition, with 59 woodcuts and 5 plates^ 8vo, cloth, 15^. 

Notes on Concrete and Works in Concrete; especially 

written to assist those engaged upon Public Works. By John Newman, 
Assoc. Mem. Inst C.E., crown 8vo, cloth, 4J. dd. 

Electricity as a Motive Power. By Count Th. Du 

MONCEL, Membre de I'lnstitut de France, and Frank Geraldy, Inge- 
nieur des Ponts et Chauss^es. Translated and Edited, with Additions, by 
C. J. Wharton, Assoc. Soc. TeL Eng. and Elec. With 113 engravings 
and diagrams ^ crown 8vo, cloth, 7j. €d. 

Treatise on Valve-Gears^ with special consideration 

of the Link-Motions of Locomotive Engines. By Dr. GusTAV Zeuner, 
Professor of Applied Mechanics at the Confederated Polytechnikum of 
Zurich. Translated from the Fourth German Edition, by Professor J. F. 
Klein, Lehigh University, Bethlehem, Pa. Illustrated ^ 8vo, cloth, I2J. (id. 

The French- Polisher s Manual. By a French- 

Polisherj containing Timber Staining, Washing, Matching, Improving, 
Painting, Imitations, Directions for Staining, Sizing, Embodying, 
Smoothing, Spirit Varnishing, French-Polishing, Directions for Re- 
polishing. Third edition, royal 32mo, sewed, dd, 

HopSy their Cultivation^ Commerce^ and Uses in 

various Countries, By P. L. SiMMONDS. Crown 8vo, cloth, 4J. dd. 

The Principles of Graphic Statics. By George 

Sydenham Clarke, Major Royal Engineers. With 112 illustrations. 
Second edition, 4to, doth, 12s. 6d, 
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Dynamo Tenders^ Hand-Book. By F. B. Badt, late 

1st Lieut Royal Prussian Artillery. With lo illustrations. Third edition, 
i8mo, cloth, 4^. 6d. 

Practical Geometry^ Perspective^ and Engineering 

Drcpwing; a Course of Descriptive Geometry adapted to the Require- 
ments of the Engineering Draughtsman, including the determination of 
cast shadows and Isometric Projection, each chapter being followed by 
numerous examples ; to which are added rules for Shading, Shade-lining, 
etc., together with practical instructions as to the Lining, Colouring, 
Printing, and. general treatment of Engineering Drawings, with a chapter 
on drawing Instruments. By George S. Clarke, Capt. R.E. Second 
edition, with 21 plates. 2 vols., cloth, lor. 6d. 

The Elements of Graphic Statics. By Professor 

Karl Von Ott, translated from the German by G. S. Clarke, Capt 
R.E., Instructor in Mechanical Drawing, Royal Indian Engineering 
College. With 93 illustrations^ crown 8vo, cloth, 5x. 

A Practical Treatise on the Manufacture and Distri- 

bution of Coal Gas. By William Richards. Demy 4to, with numerous 
wood engravings and 29 plates, cloth, 2&r. 

Synopsis of Contents : 

Introduction— History of Gas Lighting— Chembtry of Gas Manufacture, by Lewis 
Thompson, Esq., M.R.C.S.'— Coal, with Ajaalyses, by J. Paterson, Lewis Thomi^n, and 
G. R. Hislop, Esqrs.— Retorts, Iron and Clay — Retort Setting — Hydraulic Main— -Con- 
densers— Exhausters— Washers and Scrubbers— Purifiers— Purification — History of Gas 
Holder— Tanks, Brick and Stone, Composite, Concrete, Cast-iron, Compound Annular 
Wrought-iron — Specifications— Gas Holders — Station Meter— -Governor— Distribution — 
Mains^i^as Mathematics, or Formulae for the Distribution of Gas, by Lewis Thompson, £s(^.^ 
Services — Consumers' Meters— Regulators— Burners— Fittings— Photometer— Carbiurization 
of Gas— Air Gas and Water Gas--Composition of Coal Gas, by Lewis Thompson, Esq. — 
Analyses of Gas — Influence of Atmospheric Pressure and Temperatiure on Gas^Residual 
Products— Appendix— Description of Retort Settings, Buildings, etc., etc 

The New Formula for Mean Velocity of Discharge 

of Rivers and Canals, By W. R. Kutter. Translated from articles in 
tiie *Cultur-Ing^nieur,' by Lowis D'A. Jackson, Assoc. Inst C.£. 
Svo, cloth, I2J. 6^. 

The Practical Millwright and Engineers Ready 

Reckoner; or Tables for finding the diameter and power of cog-wheels, 
diameter, weight, and power of shafts, diameter and strength of bolts, etc. 
By Thomas Dixon. Fourth edition, i2mo, cloth, y. 

Tim Describing the Chief Methods of Mining, 

Dressing and Smelting it abroad ; with Notes upon Arsenic, Bismuth and 
Wolfram. By Arthur G. Charleton, Mem. American Inst, of 
Mining Engineers. Withplates^ 8vo, cloth, i%s, 6d. 
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Perspective, Explained and Illustrated. By G. S. 

ClARKB, CapL R.E. WUh Ulujlraiigns, 8vo, cloth, 31, &/. 

Practical Hydraulics ; a Series of Rules and Tables 

for the use of Engineers, etc, etc. By THOMAS Box. Ninth edition, 
nunteraui plata, post 8vo, cloth, 5j. 

Tfu Essential Elements of Practical Mec/tanics; 

based en tki Principh of Work, designed for Engineering Students. Bj 
Oliver Bykne, formerly Professor of Mathematics, College for Civ^ 
Engineers. Third ediUon, with 148 wood engravingt, post Svo, doth, 



13. td. 






Contents : 
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Breweries and Mattings : their Arrangement, Con- 

Etmction, MEichinery, and Plant. By G. ScaMell, F.R.I.B.A. Second 
edition, revised, enlarged, and partly rewritten, ByF. Colyer, M.l.C.E,, 
M.I.M.E. IVilA iQplates, 8yo, cloth, izi. td. 

A Practical Treatise on the Construction of Hori- 

loulal and Vtrtkal Walerwktt^, specialty designed for the use of opera- 
tive mechanics. By William Cullkn, Millwright and Engineer. Witk 
It filata. Second edition, revised and enlarged, small 4to, cloth, iii.6d. 

A Practical Treatise on Mill-gearing, Wheels, S/ia/ts, 

Riggers, ett. ; for the use of Engineers, By Thomas Box, Third 
edition, viith wflata. Crown Svo, cloth, 7/. &/. 

Mining Machinery: a Descriptive Treatise on the 

Machtnerjr, Tools, and other Appliances used in Mining. By G. G. 
AndrS, F.G.S., Assoc, Inst. C.E., Mem, of the Society of Engineers. 
Royal 4I0, uniform with the Author's Treatise on Coal Mining, con- 
taining tSz plata, accnratelj drawn to scale, with descriptive text, in 
3 vols., cloth, 3/. \zs. 

Contents : 

Machidery for Prosptctiog, EicavafiiiE, Hauling, and Hoirfing— Veniilatioa— PumpinE— 
Trcflldicnl of Mineral ProducK, indudinE Gold and Saver, Coppw, Tin, and Lead, Iron, 
Uoal, Suliihur, China Clay, llriek Eanh, etc. 

Tables for Setting out Curves for Railways^ Canals, 

Roads, etc., varying from a radius of five chains to three miles. By A 
KENNEDY and R. W. Hackwoou. Jilustratid 3*mo, cloth, ar. &t 
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Practical Electrical Notes and Definitions for the 

use of Engineering Students and Practical Men, By W. Perren 
Maycock, Assoc. M. Inst. E.E., Instructor in Electrical Engineering at 
the Pitlake Institute, Croydon, together with the Rules and Regulations 
to be observed in Electrical Installation Work. Second edition. Royal 
32mo, roan, gilt edges, 4^. 6^., or cloth, red edges, 3JC. 

The Draughtsman's Handbook of Plan and Map 

Drawing; including instructions for the preparation of Engineering, 
Architectural, and Mechanical Drawings. With numerous illustrations 
in the texty and 33 plates (15 printed in colours). By G. G. Andre, 
F.G.S., Assoc. Inst. C.E. 4to, cloth, gs. 

Contents : 

The Drawing Office and its Furnishings — Geometrical Problems— Lines, Dots, and their 
Combinations — Colours, Shading, Lettering, Bordering, and North Points — Scales — Plotting 
— Civil Engineers' and Surveyors' Plans— Map Drawing — Mechanical and Architectursu 
Drawing — Copying and Reducing Trigonometrical Formula, etc.. etc. 

The Boiler-makers andiron Ship-builder's Companiony 

comprising a series of original and carefully calculated tables, of the 
utmost utility to persons interested in the iron trades. By James Foden, 
author of * Mechanical Tables,' etc. Second edition revised, with illustra' 
tionsj crown 8vo, cloth, 5j. 

Rock Blasting: a Practical Treatise on the means 

employed in Blasting Rocks for Industrial Purposes. By G. G. Andrj^, 
F.G.S., Assoc Inst C.E. With 56 illustrations and \2platesy 8vo, cloth, 
lOr. td. 

Experimental Science: Elementary, Practical, and 

Experimental Physics. By Geo. M. Hopkins. Illustrated by 672 
engravings. In one large vol., 8vo, cloth, 15^- 

A Treatise on Ropemaking as practised in public and 

private Rope-yards^ with a Description of the Manufacture, Rules, Tables 
of Weights, etc., adapted to the Trade, Shipping, Mining, Railways, 
Builders, etc. By R. Chapman, formerly foreman to Messrs. Huddart 
and Co., Limehouse, and late Master Ropemaker to H.M. Dockyard, 
Deptford. Second edition, i2mo, cloth, 3^. 

Laxtons Builders^ and Contractor^ Tables ; for the 

use of Engineers, Architects, Surveyors, Builders, Land Agents, and 
others. Bricklayer, containing 22 tables, with nearly 30,000 calculations. 
4to, cloth, 5j. 

Laxtons Builders' and Contractors' Tables. Ex- 
cavator, Earth, Land, Water, and Gas, containing 53 tables, with nearly 
24, 000 calculations. 4to, cloth, 5^. 



Egyptian Irrigation. By W. Willcocks, M.I.C.E., 

Indian Public Works Department, Inspector of Irrigation, Egypt. With 
Introduction by Lieut-Col. J. C. Russ, R.E., Inspector-General of 
Irrigalion. With num^ous lithographs and imed engravings, royal 8yo, 
clotli, I/. Ifti. 

Screw Cutting Tables /or Engineers and Machinists, 

giving the values of the different trains of Wheels reqnired to produce 
Screws of any pitch, calculated by Lord Lindsay, M.P., F.R.S., F.R.A.S., 
etc. Cloth, oblong, is. 

Screw Cutting Tables, for the use of Mechanical 

Engineers, showing the proper arrangement of Wheels for culling the 
Threads of Screws of any required pitch, with a Table for making the 
Universal Gas-pipe Threads and Taps, By W, A. Martin, Engineer. 
Seoond edition, oblong, cloth, is., or sewed, 6d. 

A Treatise on a Practical Method of DesigniJig SUde- 

Vahli Gears by Simple Getmetrical Construction, based upon the principles 
enunciated in Euclid's Elements, and comprising the various forma of 
Plain Slide- Valve and Expansion Gearing; together with Stephenson's, 
Gooch's, and Allan's Lick-Motions, as applied either to reversing or to 
variable expansion combinations. By Edward J. Cowling Welch, 
Memb. Inst. Mechanical Engineers. Crown 8vo, cloth, ts. 

Cleaning and Scouring : a Manual for Dyers, Laun- 
dresses, and for Domestic Use. By S. Christopher, igmo, sewed, 6d. 

A Glossary of Terms used in Coal Mining. By 

W11.1.1AM Stukeley Gresley, Assoc Mem. Inst. C.E,, F.G.S., Member 
of the North of England Institute of Mining Engineers. Illustrated viilk 
IS vioodeufs and diagranu, crown Svo, cloth, Ji. 



A Pocket-Book for Boiler Makers and Steam Users, 

comprising a variety of useful information for Employer and Workman, 
Government Inspectors, Board of Trade Surveyors, Engineers in charge 
of Works and Slips, Foremen of Manufactories, and the general Steam- 
using Public. By Maurice John Sexton. Second edition, royal 
32roo, roan, gilt edges, ^s. 

Electrolysis : a Practical Treatise on Nickeling, 

Coppering, Gilding, Silvering, the Refining of Metals, and the treatment 
of Ores by means of Electricity. By Hiri'OLYTE Fontaine, translated 
from the French by J, A, Berlv^, C.E., Assoc. S.T.E. With engiavings. 
Svo. cloth, gj. 
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BarUmfs Tables of Squdres^ Cubes, SqiiaJre Roots, 

Cube Roots, Reciprocals of all Integer Numbers up to 10,600. Post 8to, 
cloth, dr. 

A Practical Treatise on the Steam Engine, con- 
taining Plans and Arrangements of Details for Fixed Steam Engines, 
with Essays on the Principles involved in Design and Cohstmctipn. By 
Arthur Rigg, l^ngineer. Member of the Society of Engineers and of 
the Royal Institution of Great Britain. Demy 4to, copiously illustrated 
with woodcuts and ^ plates, in one Volume, haU-bonnd morocco, 2/. 2x.; 
or cheaper edition, cloth, 25^. 

This work is not, in any sense, an elementary treatise, or history of die steam engine, but 
is intended to describe examples of Fixed Steam. £nppnes without entering into the wide 
domain of locomotive or marine practice. To this end illustrations will be given of the most 
recent arrangements of Horizontal, Vertical, Beam, Pumping, Winding, Portable, Semi- 
portable, Corliss, Allen, Compound, and other similar Engines, by the most eminent Firms in 
Great Britain and America. ^ The laws relating to the action and precautions to be observed 
in the construction of the various details, such as Cylinders, Pistons, Piston-rods^ Connecting- 
rods, Cross-heads, Motion-blocks,^ Eccentrics, Simple, Expansion, Balanced^ and Equilibrium 
Slide-valves, and Valve-gearing will be minutely dealt with. In this connection will be found 
articles upon the Velocity of Reciprocating Parts and the Mode of Aprplying the Indicator, 
Heat and Expansion of Steam Governors, and the like. It is the writer's desire to draw 
illustrations from every possible source, and give only those rules that present practice deems 
correct. 

A Practical Treatise on the Science of Land and 

Engineering Surveying, Levelling, Estimctting Quantities, etc., with a 
general description of the seversd Instruments required for Surveying, 
Levelling, Plotting, etc. By H. S. Merrett. Fourth edition, revis^ 
by G. W. UsiLL, Assoc. Mem. Inst. C.E. 41 plates, with illustrations 
and tables, royal 8vo, cloth, I2J. 6^. 

Principal Contents : 

Part z. Introduction and tiie Principles of Geometry.^ Part a. Land Surveying; com- 
prising General Observations— The Cham— Ofisets Surveying by the Chain onlY'—Surveying 
HiUy Ground — ^To Survey an Estate or Parish by the Chain only — Surveymg with die 
Theodolite — Mining and Town Surveying— Railroad Surveying — Mapiung— Division aiKl 
Laying out of Land — Observations on Enclosures — Plane Trigonometry. Part 3. Levelling— 
Simple and Compound Levelling— The Level Book— Parbamentary Plan and Section- 
Levelling with a Theodolite — Gradients— Wooden Curves— To Lay out a Railway Curve- 
Setting out Widths. Part 4. Calculating Quantities generally for Estimates— Cuttings and 
Embankments — ^Tunnels— Brickwork — Ironworic— Timber Measuring. Part 5. Descriptioa 
and Use of Instruments in Surveying and Plotting— The Improved Dumpy Level— Troughton's 
Level— The Prismatic Compass — Proportional Compass— Box Sextant— Vernier— Fanta- 
graph — Merrett's Improved Quadrant— Improved Computation Scale— The Diagonal Scale- 
Straight Edge and Sector. Part 6. Logarithms ot Numbers— Logarithmic Sines and 
Co-Smes, Tangents and Co-Tangents— Natural Sines and Co-Sines— l^bles for Esuthwork, 
for Setting out Curves, and for various Calculations, etc., etc, etc. 

Mechanical Graphics, A Second Course of Me- 
chanical Drawing. With Preface by Prof. Perry, B.Sc., F.R.S. 
Arranged for use in Technical and Science and Art Institutes, Schools 
and Colleges, by George Halliday, Whitworth Scholar. Svo, 
cloth, 6x. 
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The Assayef^s Manual: an Abridged Treatise on 

the Docimastic Examination of Ores and Furnace and other Artificial 
Products. By Bruno Kerl. Translated by W. T. Brannt. With 65 
illustrations ^ 8vo, cloth, I2j. dd. 

Dynamo ' Electric Machinery: a Text -Book for 

Students of Electro-Technology. By Silvanus P. Thompson, B.A., 
D.Sc, M.S.T.E. \_New edition in the press. 

The Practice of Hand Turning in Wood, Ivory, Shell, 

etc,, with Instructions for Turning such Work in Metal as may be required 
in the Practice of Turning in Wood, Ivory, etc ; also an Appendlix on 
Ornamental Turning, (A book for beginners.) By Francis Campin. 
Third edition, with wood engravings, crown 8vo, cloth, 6j. 

Contents : 

On Lathes— Turning Tools— Turning Wood — Drilling— Screw Cutting— Miscellaneovs 
Apparatus and Processes— Turning Particular Forms — Staining — Polishing^-Spinning Metals 
— Materials— Ornamental Turning, etc. 

Treatise on Watchwork, Past and Present. By the 

Rev. H. L. Nelthropp, M.A., F.S.A. With 32 illustrations, crown 
8vo, cloth, 6j. 6^. 

Contents : 

Definitions of Words and Terms used in Watchwork— Tools — Time— Historical Sum- 
mary—On Calculations of the Numbers for Wheels and Pinions; their Proportional Sizes, 
Trains, etc. — Of Dial Wheels, or Motion Work — Length of Time of Going without Winding 
up — The Verge— The Horizontal — ^The Duplex — The Lever — The Chronometer — Repeating 
Watches— Keyless Watches— The Pendulum, or Spiral Spring— Compensation — Jewelling of 
Pivot Holes — Clerkenwell — Fallacies of the Trade — Incapacity of Workmen— How to Choose 
and Use a Watch, etc. 

Algebra Self-Taught By W. P. Higgs, M.A., 

D.Sc, LL.D., Assoc. Inst C.E., Author of 'A Handbook of the Differ- 
ential Calculus,' etc. Second edition, crown 8vo, cloth, 2j. dd. 

Contents ; 

Symbols and the Signs of Operation— The Equation and the Unknown Quantity- 
Positive and Negative Quantities — Multiplication— Involution— Exponents — Negative Expo- 
nents — Roots, and the Use of Exponents as Logarithms — Logarithms — Tables of Logarithms 
and Proportionate Parts ^ Transformation of System of Logarithms — Common Uses of 
Common Logarithms — Compound Multiplication and the Binomial Theorem — Division, 
Fractions, and Ratio — Continued Proportion— The Series and the Summation of the Series- 
Limit of Series— Square and Cube Roots— Equations— List of Formulae, etc. 

Spons^ Dictionary of Engineering, Civil, Mechanical, 

Military, and Naval; with technical terms in French, German, Italian, 
and Spanish, 3100 pp., and nearly 8000 engravings, in super-royal Svo, 
in 8 divisions, 5/. %s. Complete in 3 vols., cloth, 5/. 5^. Bound in a 
superior manner, half-morocco, top edge giltj 3 vols., 61. 12s. 
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Notes in Mechanical Engineering. Compiled prin- 
cipally for the use of the Students attending the Classes on this subject at 
the City of London College. By Henry Adams, Mem. Inst. M.^., 
Mem. Inst. C.£., Mem. Soc. of Engineers. Crown 8vo, cloth, zs, 6d. 

Canoe and Boat Building: a complete Manual for 

Amateurs, containing plain and comprehensive directions for the con- 
struction of Canoes, Rowing and Sailing Boats, and Hunting Craft. 
By W. P. Stephens. With numerous illustrations and 24 plates df 
Working Drawings. Crown 8vo, cloth, Qj. 

Proceedings of the National Conference of Electricians y 

Philadelphia^ October 8th to 13th, 1884. i8mo, cloth, 3J, 

Dynamo - Electricity ^ its Generation, Application, 

Transmission, Storage, and Measurement. By G. B. Prescott. With 
545 illustrations, 8vo, cloth, i/. is, 

» 

Domestic Electricity for Amateurs. Translated from 

the French of E. Hospitalier, Editor of "L*Electricien," by C. J. 
Wharton, Assoc. Soc TeL Eng, Numerous illustrations. Demy 8vo, 
cloth, ds. 

Contents : 

I. Production of the Electric Current— a. Electric Bells— 3. Automatic Alarms — ^4. Domestic 
Telephones — 5. Electric Clocks— 6. Electric Lighters—^. Domestic Electric Lighting — 
8. Domestic Application of the Electric Light — 9- Electric Motors— xo. Electrical Locomo- 
tion— xx. Electrotyping, Plating, and Gilding— 12. Electric Recreations— X3. Various appli- 
cations — Workshop of the Electrician. 

Wrinkles in Electric Lighting. By Vincent Stephen. 

With illustrations, i8mo, cloth, 2j. 6</. 

Contents : « 

X. The Electric Current and its production by Chemical means^a. Production of Electric 
Currents by Mechanical means — 3. Dynamo- Electric Machines — 4. Electric Lamps — 
5. Lead— 6. Ship Lighting. 

Eoundations and Foundation Walls for all classes of 

Buildings^ Pile Driving, Bmlding Stones and Bricks, Pier and Wall 
construction, Mortars, Limes, Cements, Concretes, Stuccos, &c. 64 illus- 
trations. By G. T. Powell and F. Bauman. 8vo, cloth, lar. td. 

Manual for Gas Engineering Students. By D. Lee. 

i8mo, cloth, i^. 
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Telephones^ their Construction and Management. 

By F. C. Allsop. Crown 8vo, cloth, 5/. 

Hydraulic Machinery y Past and Present, A Lecture 

delivered to the London and Suburban Railway Officials' Association. 
By H. Adams, Mem. Inst C.E. Folding plate. 8vo, sewed, ix. 

Twenty Years with the Indicator. By Thomas Pray, 

Jun., C.E., M.E., Member of the American Society of Civil Engineers. 
2 vols., royal 8vo, cloth, \2s. 6d. 

Annual Statistical Report of the Secretary to the 

Members of the Iron and Steel Association on the Home and Foreign Iron 
and Steel Industries in 1889. Issued June 1890. 8vo, sewed, 5/. 

Bad Drains^ and How to Test them ; with Notes on 

the Ventilation of Sewers, Drains, and Sanitary Fittings, and the Origin 
and Transmission of Zymotic Disease. By R. Harris Reeves. Crown 
8vo, cloth, 3^. 6d, 

Well Sinking. ' The modern practice of Sinking 

and Boring Wells, with geological considerations and examples of Wells. 
By Ernest Spon, Assoc Mem. Inst C.E., Mem. Soc. Eng., and of the 
Franklin Inst., etc. Second edition, revised and enlarged. Crown 8vo, 
cloth, lar. 6d, 

The Voltaic Accumulator : an Elementary Treatise. 

By I&MILE Reynier. Translated by J. A. Berly, Assoc. Inst. E.E. 
With 62 illustrations, 8vo, cloth, gs. 

Ten Years Experience in Works of Intermittent 

Downward liltration. By J. Bailey Denton, Mem. Inst. C.E. 
Second edition, with additions. Royal 8vo, cloth, 51. 

Land Surveying on the Meridian and Perpendicular 

System, By William Penman, C.E. 8vo, cloth, %s. 6d. 

The Electromagnet and Electromagnetic Mechanism. 

By Silvanus p. Thompson, D.Sc, F.R.S. 8vo, cloth, 15/. 
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Incandescent Wiring Hand-Book. By F. B. Badt, 

late 1st Lieut. Royal Prussian Artillery. Wiih 41 illustrations and 
5 testes, i8mo, cloth, 4^. 6d, 

A Pocket-book for PharmacistSj Medical Prac- 

titioners. Students^ etc., etc. (British, Colonial, and American), By 
Thomas Bayley, Assoc. R. Coll. of Science, Consulting Chemist, 
Analyst, and Assayer, Author of a * Pocket-book for Chemists,* *The 
Assay and Analysis of Iron and Steel, Iron Ores, and Fuel,' etc., etc. 
Royal 32mo, boards, gilt edges, 6s, 

The FiremarCs Guide ; a Handbook on the Care of 

Boilers. By Teknolog, fdreningen T. I. Stockholm. Translated from 
the third edition/and revised by Karl P. Dahlstrom, M.E. Second 
edition. Fcap. 8vo, cloth, 2s, 

A Treatise on Modem Steam Engines and Boilers, 

including Land Locomotive, and Marine Engines and Boilers, for the 
use of Students. By Frederick Colybr, M. Inst C.E., Mem. Inst M.E. 
With ^6 plates, 4to, cloth, 12s, 6d, 

CONTBNTS : 

X. Introduction — 2. Original Engines— 3. Boilers— 4. Hi^h-Pressnre Beam Engines— 5. 
Cornish Beam Engines— 6. Horizontal Engines — 7. Oscillating Engines — 8. Vertical High- 
Pressure Engines — 9. Special Engines^zo. Portable Engines— zz. Locomotive Engines— 
I a. Marine Engines. 

Steam Engine Management; a Treatise on the 

Working and Management of Steam Boilers. By F. Colyer, M. Inst 
C.E., Mem. Inst M.E. New edition, i8mo, cloth, 3J. dd. 



A Text'Book of Tannings embracing the Preparation 

of all kinds of Leather. By Harry R. Proctor, F.C.S., of Low Lights 
Tanneries. With illustrations. Crown 8vo, dodi, lor. id. 



Aid Book to Engineering Enterprise, By Ewing 

Matheson, M. Inst. C.E. The Inception of Public Works, Parlia- 
mentary Procedure for Railways, Concessions for Foreign Works, and 
means of Providing Money, the Points which determine Success or 
Failure, Contract and Purchase, Commerce in Coal, Iron, and Steel, &c. 
Second edition, revised and enlarged, 8vo, cloth, %\s. 
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PumpSy Historically y Theoretically ^ and Practically 

Considered, By P. R. BjoRLiNG. With 156 illustrations. Crown 8vo, 
cloth, 7^. td. 

The Marine Transport of Petroleum. A Book for 

the use of Shipowners, Shipbuilders, Underwriters, Merchants, Captains 
and Officers of Petroleum-carrying Vessels. By G. H. Little, Editor 
of the * Liverpool Journal of Commerce.* Crown 8vo, cloth, lOr. dd. 

Liquid Fuel for Mechanical and Industrial Purposes. 

Compiled by E. A. Brayley Hodgetts. With wood engravings. 
8vo, cloth, *js, 6d. 

Tropical Agriculture : A Treatise on the Culture, 

Preparation, Commerce and Consumption of the principal Products of 
the Vegetable Kingdom. By P. L. SiMMONDS, F.L.S., F.R.C.I. New 
edition, revised and enlarged, 8vo, cloth, 21s, 

Health and Comfort in House Building ; or, Ventila- 
tion with Warm Air by Self-acting Suction Power. With Review of the 
Mode of Calculating the Draught in Hot-air Flues, and with some Actual 
Experiments by J. Drysdale, M.D., and J. W. Hayward, M.D. 
With plates and woodcuts. Third edition, with some New -Sections, and 
the whole carefully Revised, Svo, cloth, 7j. dd. 

Losses in Gold Amalgamation. With Notes on the 

Concentration of Gold and Silver Ores. With six plates. By W. 
McDermott and P. W. Duffield. Svo, cloth, 5j. 

A Guide for the Electric Testing of Telegraph Cables. 

By Col. V. Hoskicer, Royal Danish Engineers. Third edition, crown 
Svo, cloth, 4r. 6^. 

The Hydraulic Gold Miners^ Manual. By T. S. G. 

Kirkpatrick, M.A. Oxon. With 6 plates. Crown Svo, cloth, 6j. 

" We venture to think that this work will become a text-book on the important subject of 
which it treats. Until comparatively recently hydraulic mines^ were neglected. This was 
scarcely to be surprised at, seeing; that their working in California was brought to an abrupt 
termination by the action of the farmers on the dibris question, whilst their working in other 
parts of the world had not been attended with the anticipated success." — The Mining World 
and Engineering Record. 

The Arithmetic of Electricity. By T. O'Conor 

Sl-OANE. Crown Svo, cloth, 4J. 6^, 
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The Turkish Bath : Its Design and Construction for 

Public and Commercial Purposes. By R. O. Allsop, Architect. H^A 
plans and sections, 8vo, cloth, 6s, 

Earthwork Slips and Subsidences upon Public Works : 

Their Causes, Prevention and Reparation. Especially written to assist 
those engaged in the Construction or Maintenance of Railways, Docks, 
Canals, Waterworks, River Banks, Reclamation Embankments, Drainage 
Works, &c., &c. By John Newman, Assoc. Mem. Inst. C.E., Author 
of * Notes on Concrete, &c. Crown Svo, cloth, 7^. 6d, 

Gas and Petroleum Engines : A Practical Treatise 

on the Internal Combustion Engine. By Wm. Robinson, M.E., Senior 
Demonstrator and Lecturer on Applied Mechanics, Physics, &c., City 
and Guilds of London College, Finsbury, Assoc Mem. Inst. C.E., &c. 
Numerous illustrations, Svo, cloth, 14^. 

Waterways and Water Transport in Different Coun- 
tries, With a description of the Panama, Suez, Manchester, Nicaraguan, 
and other Canals. By J. Stephen Jeans, Author of 'England's 
Supremacy,* * Railway^ Problems,' &c. Numerous illustrations, Svo, 
cloth, I4r. 



A Treatise on the Richards Steam-Engine Indicator 

and the Development and Application of Force in the Steam-Engine, 
By Charles T. Porter. Fourth Edition, revised and enlarged, Svo, 
cloth, 9J. 

Contents. 



The Nature and Use of the Indicator : 
The several lines on the Diagram. 
Examination of Diagram No. I. 
Of Truth in the Diag^ram. 
Description of the Richards Indicator. 
Practical Directions for Applying and Taking 

Care of the Indicator. 
Introductory Remarks. 
Units. 
Expansion. 
Directions for ascertaining from the Diagram 

the Power exerted by the Engine. 
To Measure from the Diagram the Quantity 

of Steam Consumed. 
To Measure from the Diagram the Quantity 

of Heat Expended. 
Of the Real Dis^am,and how to Construct it. 
Of the Conversion of Heat into Work in the 

Steam-engine. 
Observations on the several Lines of the 

Diagram. 



Of the Loss attending the Employment of 
Slow-piston Speed, and the Extent to 
which thb is Shown by the Indicator. 

Of other Applications of the Indicator. 

Of the use of the Tables of the Properties of 
Steam in Calculating the Duty of Boilers. 

Introductory. 

Of the Pressure on the Crank when the Con- 
necting-rod is conceived to be of Infinite 
Length. 

The Modification of the Acceleration and 
Retardation that is occasioned by the 
Angular Vibration of the Connecting-rod. 

Method of representing the actual pressure 
on the cranic at every point of its revolu- 
tion. 

The Rotative Effect of the Pressure exerted 
on the Crank. 

The Transmitting Parts of an Engine, con- 
sidered as an Eqiudiser of Motion. 

A Ride on a Buffer-beam (Appendix)* 
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In demy 4to, handsomely bound in cloth, ilhistrated with 220 full page plaUs^ 

Price 15^. 



ARCHITECTURAL EXAMPLES 

IN BRICK, STONE, WOOD, AND IRON. 

A COMPLETE WORE ON THE DETAILS AND ARRANGEMENT 
OF BTHLDING CONSTRUCTION AND DESIGN. 

By WILLIAM FULLERTON, Architect. 

Containing 2ao Plates, with numerous Drawings selected from the Architecture 

of Former and Present Times. 

The Details and Designs are Drawn to Scale^ J", J", i", and Full siu 

being chiefly used. 



The Plates are arranged in Two Parts. The First Part contains 
Details of Work in the four principal Building materials, the following 
being a few of the subjects in this Part : — ^Various forms of Doors and 
Windows, Wood and Iron Roofs, Half Timber Work, Porches, 
Towers, Spires, Belfries, Flying Buttresses, Groining, Carving, Church 
Fittings, Constructive and Ornamental Iron Work, Classic and Gothic 
Molds and Ornament, Foliation Natural and Conventional, Stained 
Glass, Coloured Decoration, a Section to Scale of the Great Pyramid, 
Grecian and Roman Work, Continental and English Gothic, Pile 
Foundations, Chimney Shafts according to the regulations of the 
London County Council, Board Schools. The Second Part consists 
of Drawings of Plans and Elevations of Buildings, arranged under the 
following heads ; — ^Workmen's Cottages and DweUings, Cottage Resi- 
dences and Dwelling Houses, Shops, Factories, Warehouses, Schools, 
Churches and Chapels, Public Buildings, Hotels and Taverns, and 
Buildings of a general character. 

All the Plates are accompanied with particulars of the Work, with 
Explanatory Notes and Dimensions of the various parts. 
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Crown 8vo, cloth, with illustrations, 5^. 



WORKSHOP RECEIPTS. 

FIRST SERIES. 



By ERNEST SPON. 



Bookbinding. 

Bronzes and Bronzing. 

Candles. 

Cement. 

Cleaning. 

Colourwashing. 

Concretes. 

Dipping Acids. 

Drawing Office Details. 

Drjring Oiis. 

Dynamite. 

Electro - Metallurgy — 
(Cleaning, Dipping, 
Scratch-brushing, Bat- 
teries, Baths, and 
Deposits of every 
description). 

Enamels. 

Engraving on Wood, 
Copper, Gold, Silver, 
Steel, and Stone. 

Etching and Aqua Tint. 

Firework Making — 
(Rockets, Stars, Rains, 
Gerbes, Jets, Tour- 
billons, Candles, Fires, 
Lances,Lights, Wheels, 
Fire-balloons, and 
minor Fireworks). 

Fluxes. 

Foundry Mixtures. 



Synopsis of Contents. 

Freezing. 

Fulminates. 

Furniture Creams, Oils, 
Polishes, Lacquers, 
and Pastes. 

Gilding. 

Glass Cutting, Cleaning, 
Frosting, Drilling, 
Darkening, Bending, 
Staining, and Paint- 
ing. 

Glass Making. 

Glues. 

Gold. 

Graining. 

Gums. 

Gun Cotton. 

Gunpowder. 

Horn Working. 

Indiarubber. 

Japans, Japanning, and 
kindred processes. 

Lacquers. 

Lathing. 

Lubricants. 

Marble Working. 

Matches. 

Mortars. 

Nitro-Glycerine. 

Oils. 



Paper. 

Paper Hanging. 

Painting in Oils, in Water 
Colours, as well as 
Fresco, House, Trans- 
parency, Sign, and 
Carriage Painting. 

Photography. 

Plastering. 

Polishes. 

Pottery — (Clays, Bodies, 
Glazes, Colours, Oils, 
Stains, Fluxes, Ena- 
mels, and Lustres). 

Scouring. 

Silvering. 

Soap. 

Solders. 

Tanning. 

Taxidermy. 

Tempering Metals. 

Treating Horn, Mother- 
o*-Pearl, and like sub- 
stances. 

Varnishes, Manufacture 
and Use o£ 

Veneering. 

Washing. 

Waterproofing. 

Welding. . 



Besides Receipts relating to the lesser Technological matters and processes, 
such as the manufacture and use of Stencil Plates, Blacking, Crayons, Paste, 
Putty, Wax, Size, Alloys, Catgut, Tunbridge Ware, Picture Frame and 
Architectural Mouldings, Compos, Cameos, and others too numerous to 
mention. 



PUBLISHED BY E. & F. N. SPON. 



23 



Crown 8vo, cloth, 485 pages, with illustrations, 5/. 

WORKSHOP RECEIPTS. 

SECOND SERIES. 



By ROBERT HALDANE. 



Acidimetry and Alkali- 
metry. 
Albumen. 
Alcohol. 
Alkaloids. 
Baking-powders. 
Bitters. 
Bleaching. 
Boiler Incrustations. 
Cements and Lutes. 
Cleansing. 
Confectionery. 
Copying. 



Synopsis of Contents. 

Disinfectants. 

Dyeing, Staining, and 

Colouring. 
Essences. 
Extracts. 
Fireproofing. 
Gelatine, Glue, and Size. 
Glycerine. 
Gut. 

Hydrogen peroxide. 
Ink. 
Iodine. 



Iodoform. 

Isinglass. 

Ivory substitutes. 

LeaUier. 

Luminous bodies. 

Magnesia. 

Matches. 

Paper. 

Parchment. 

Perchloric acid. 

Potassium oxalate. 

Preserving. 



Pigments, Paint, and Painting; embracing the preparation of 
Pigments, including alumina lakes, blacks (animal, bone, Frankfort, ivory, 
lamp, sight, soot), blues (antimony, Antwerp, cobalt, cseruleum, Egyptian, 
manganate, Paris, P^ligot, Prussian, smalt, ultramarine), browns (bistre, 
hinau, sepia, sienna, umber, Vandyke), greens (baryta, Brighton, Brunswick, 
chrome, cobalt, Douglas, emerald, manganese, mitis, mountain, Prussian, 
sap, Scheele*s, Schweinfurth, titanium, verdigris, zinc), reds (Brazilwood lake, 
carminated lake, carmine, Cassius purple, cobalt pink, cochineal lake, colco* 
thar, Indian red, madder lake, red chalk, red lead, vermilion), whites (alum, 
bfuyta, Chinese, lead sulphate, white lead — ^by American, Dutch, French, 
Grerman, Kremnitz, and Pattinson processes, precautions in making, and 
composition of commercial samples — whiting, Wilkinson's white, zinc white), 
yellows (chrome, gamboge, Naples, orpiment, realgar, yellow lakes) ; Paint 
(vehicles, testing oils, driers, grinding, storing, applying, priming, drying, 
filling, coats, brushes, surface, water-colours, removing smeU, discoloration ; 
miscellaneous paints — cement paint for carton-pierre, copper paint, gold paint, 
iron paint, lime paints, silicated paints, steatite paint, transparent paints, 
tungsten paints, window paint, zinc paints); Painting (general instructions, 
proportions of ingredients, measuring paint work ; carriage painting — ^priming 
paint, best putty, finishing colour, cause of cracking, mixing the paints, oils, 
driers, and colours, varnishing, importance of washing vehicles, re- varnishing, 
how to dry paint ; woodwork painting). 
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NOVV^ COMPLETE. 

fyHA nearly 1500 illustroHons, in super-royal Svo, in 5 Divisions, cloth. 
Divisions i to 4, ly* 6d, each ; Division 5, 17^. 6^. ; or 2 vols., cloth, ^^3 los, 

SPONS' ENCYCLOPEDIA 

OP THk 

INDUSTRIAL ARTS, MANUFACTURES, AND COMMERCIAL 

PRODUCTS. 

Edited by C. G. WARNFORD LOCK, F.L.S. 

Among the more important of the subjects treated of, are the 
following :— 



Adds, 207 pp. 220 figs. 
Alcohol, 23 pp. 16 figs. 
Alcoholic Liquors, 13 pp. 
Alkalies, 2g pp. 78 figs. 
Alloys. Alum. 

Asphalt Assaying. 
Beverages, 89 pp. 29 figs. 
Blacks. 

Bleaching Powder, 15 pp. 
Bleaching, 5 1 pp. 48 figs. 
Candles, 18 pp. 9 figs. 
Carbon Bisulphide. 
Celluloid, 9 pp. 
Cements. Clay. 
Coal-tar Products, 44 pp. 

14 figs. 
Cocoa, 8 pp. 
Coffee, 32 pp. 13 figs. 
Cork, 8 pp. 17 figs. 
Cotton Manufactures, 62 

pp. 57 figs. 
Drugs, 38 pp. 
Dyeing and Calico 

Printing, 28 pp. 9 figs. 
Dyestuffs, 16 pp. 
Electro-Metallurgy, 13 

pp. 
Explosives, 22 pp. 33 figs. 
Feathers. 
Fibrous Substances, 92 

pp. 79 figs. 
Floor-cloth, 16 pp. 21 

figs. 
Food Preservation, 8 pp. 
Fruit, 8 pp. 



Fur, 5 pp. 

GsLSf Coal, 8 pp. 

Gems. 

Glass, 45 pp. 77 figs. 

Graphite, 7 pp. 

Hair, 7 pp. 

Hair Manufactures. 

Hats, 26 pp. 26 figs. 

Honey, Hops. 

Horn. 

Ice, 10 pp. 14 figs. 

Indiarubber Manufac- 
tures, 23 pp. 17 figs. 

Ink, 17 pp. 

Ivory. 

Jute Manufactures, 1 1 
pp., II figs. 

Knitted Fabrics — 
Hosiery, 15 pp. 13 figs. 

Lace, 13 pp. 9 figs. 

Leather, 28 pp. 31 figs. 

Linen Manufactures, 16 
pp. 6 figs. 

Manures, 21 pp. 30 figs. 

Matches, 17 pp. 38 figs. 

Mordants, 13 pp. 

Narcotics, 47 pp. 

Nuts, 10 pp. 

Oils and Fatty Sub- 
stances, 125 pp. 

Paint. 

Paper, 26 pp. 23 figs. 

Paraffin, 8 pp. 6 figs. 

Pearl and Coral, 8 pp. 

Perfumes, 10 pp. 



Photography, 13 pp. 20 

figs. 
Pigments, 9 pp. 6 figs. 
Pottery, 46 pp. 57 figs. 
Printing and Engraving, 

20 pp. 8 figs. 
Rags. 
Resinous and Gummy 

Substances, 75 pp. 16 

figs. 
Rope, 16 pp. 17 figs. 
Salt, 31 pp. 23 figs. 
Silk, 8 pp. 
Silk Manufactures, 9 pp. 

II figs. 
Skins, 5 pp. 
Small Wares, 4 pp. 
Soap and Glycerine, 39 

pp. 45 figs. 
Spices, 16 pp. 
Sponge, 5 pp. 
Starch, 9 pp. 10 figs. 
Sugar, 155 pp. 134 

figs. 
Sulphur. 
Tannin, 18 pp. 
Tea, 12 pp. 
Timber, 13 pp. 
Varnish, 15 pp. 
Vinegar, 5 pp. 
Wax, 5 pp. 
Wool, 2 pp. 
Woollen ManuOeictures, 

58 pp. 39 figs. 
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In super-royal 8vo, zz68 pp., wiik 3400 illustration*, in 3 Divisions, cloth, price i^f* 6d. 

each ; or i voL, cloth, 3/. ; or half-morocco, s/. 8f . 

A SUPPLEMENT 

TO 

SPONS' DICTIONARY OF ENGINEERING. 

Edited by ERNEST SPON, Memb. Soc. Engineers. 



Abacus, Counters, Speed 
Indicators, and Slide 
Rule. 

Agricultural Implements 
and Machinery. 

Air Compressors. 

Animal Charcoal Ma- 
chinery, 

Antimony. 

Axles and Axle-boxes. 

Bam Machinery. 

Belts and Belting. 

Blasting. Boilers. 

Brakes. 

Brick Machinery. 

Bridges. 

Cages for Mines. 

Calculus, Differential and 
Integral. 

Canals. 

Carpentry. 

Cast Iron. 

Cement, Concrete, 
Limes, and Mortar. 

Chimney Shafts. 

Coal Cleansing and 
Washing. 



Coal Mining. 

Coal Cutting Machines. 

Coke Ovens. Copper. 

Docks. Drainage. 

Dredging Machinery. 

Dynamo - Electric and 
Magneto-Electric Ma- 
chines. 

Dynamometers. 

Electrical Engineering, 
Telegraphy, Electric 
Lighting and its prac- 
ticaldetails,Telephones 

Engines, Varieties of. 

Explosives. Fans. 

Founding, Moulding and 
the practical work of 
the Foundry. 

Gas, Manufacture of. 

Hammers, Steam and 
other Power. 

Heat Horse Power. 

Hydraulics. 

Hydro-geology. 

Indicators. Iron. 

Lifts, Hoists, and Eleva- 
tors. 



Lighthouses, Buoys, and 
Beacons. 

Machine Tools. 

Materials of Construc- 
tion. 

Meters. 

Ores, Machinery and 
Processes employed to 
Dress. 

Piers. 

Pile Driving. 

Pneumatic Transmis 
sion. 

Pumps. 

Pyrometers. 

Road Locomotives. 

Rock Drills. 

Rolling Stock. 

Sanitary Engineering. 

Shafting. 

SteeL 

Steam Navvy, 

Stone Machinery. 

Tramways. 

Well Sinking. 
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